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PARTICIPANTS IN THE SYMPOSIUM, MEMBERS OF THE STUDY SECTIONS, AND ALL OTHER 
GUESTS : 


It is a great pleasure for me as chairman of the Department of Ophthalmology to welcome 
you to this symposium on viral keratoconjunctivitis. 

Viral disease is of ever-increasing importance in ophthalmology and we feel privileged 
indeed that this important symposium, under the sponsorship of the National Institutes of 
Health, should be held here. We are particularly honored to have so many famous virologists 
_ and epidemiologists among us for a few days and feel sure the results of your deliberations 
will be of very great value to ophthalmology. 

May I say again that it is an honor to welcome you to our institution “" that I hope your 
stay here will be enjoyable as well as profitable. 

Frederick C. Cordes, M.D. 
Chairman, Department of Ophthalmology 
University of California School of Medicine 
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PRESENT STATUS OF THE VIRAL KERATOCONJUNCTIVITIS 
PROBLEM* 


TuyGceson, M.D. 
San Francisco, California 


With the effective control of the bacterial 
forms of keratitis and conjunctivitis by an- 
tibiotics and sulfonamides, the viral forms 
have come into increasing prominence. 
Trachoma is still the eye disease of greatest 
world-wide distribution and importance but, 
although improved therapeutic measures are 
available, the causal virus has not yet been 
cultivated with certainty and much work 
remains to be done on it. Epidemic kerato- 
conjunctivitis has attracted a great deal of 
popular attention because of the explosive 
nature of its outbreaks, particularly in fac- 
tories, hospitals, dispensaries, and medical 
offices. In the United States, however, the 
viral keratitis and keratoconjunctivitis of 
greatest visual and economic importance are 
due to herpes simplex virus. Herpetic kera- 
titis is now the most important specific type 
of keratitis and a major cause of impaired 
vision and blindness. It seems to have be- 
come more frequent and severe since the 
War and there has apparently been an in- 
crease in the number of bilateral cases. 

In addition to a number of other types of 
conjunctivitis and keratitis known to be 
caused by viruses—for example, inclusion 
conjunctivitis virus, molluscum contagiosum 
virus, herpes zoster virus, and Newcastle 
disease virus—there are still a large number 
of types whose cause is unknown but in 
which viruses have been suspected because 
of the absence of bacteria or fungi, and 
because of suggestive cytologic and patho- 
logic changes. 

Following are some brief comments on the 
various types of conjunctivitis and keratitis 
known to be, or suspected of being, due to 
viruses: 


-* From the Department of Ophthalmology and the 
Francis I. Proctor Foundation for Research in Oph- 
thalmology, University of California School of 
Medicine. 


TRACHOMA 

This chronic keratoconjunctivitis occurs 
with the greatest frequency in the Middle 
East where in certain areas over 90 percent 
of the population is affected. Vision is re- 
duced as a result of the development of cor- 
neal infiltrates and vascularization, and 
finally of scars. Deformity of the lids, due to 
cicatricial contraction of the tarsi, leads to 
entropion and trichiasis, and to a more se- 
vere keratitis as a result of the trauma 


caused by the rubbing of the cilia against 


the cornea. In a disease so chronic that it 
may remain active during a lifetime, there 
is inevitably a high incidence of secondary 
bacterial infection. In the Middle East par- 
ticularly, superimposed infections with the 
Koch-Weeks bacillus and the gonococcus 
create a severe disease, often known as 
“ophthalmia aegyptiaca,” which has a devas- 
tating effect on the cornea and on vision. 
Although trachoma is now relatively rare 
in the United States, sporadic cases are still 
seen in the white population and there has 
been a recent increase in the incidence of the 
disease in the Indian population, particularly 
of the Southwest, and control measures are 
now being formulated. Because of their in- 
frequency, the sporadic white cases are apt 
to remain undiagnosed until pannus and 
cicatrization have developed unmistakably. 
The virus has been classified tentatively 
with the psittacosis-lymphogranuloma group 
with which it shares a susceptibility to chem- 
otherapeutic agents. The sulfonamides and 
the broad- and medium-spectrum antibiotics 
have been remarkably successful in the treat- 
ment of individual cases but have been less 
successful in mass treatment campaigns ow- 
ing to the prolonged treatment times re- 
quired. 
_ In spite of intensive study, the virus has 
so far resisted cultivation in series. This 
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problem must be resolved and research ef- 
forts should also be directed toward (1) im- 
provement in microscopic methods of diag- 
nosis, (2) development of a prophylactic 
vaccine, and (3) development of a thera- 
peutic agent requiring a minimal treatment 
time. 


INCLUSION CONJUNCTIVITIS 


This conjunctivitis, which occurs most 
frequently in the newborn as one type of 
ophthalmia neonatorum, is closely related to 
trachoma but displays none of its corneal 
or cicatricial complications. Like trachoma, 
it can be treated successfully with sulfona- 
mides and broad- and medium-spectrum an- 
tibiotics, and the treatment time is shorter. 
The reservoir of the virus is the genito- 


urinary tract where it produces one type of. 


mild, nongonococcic urethritis in the male 
and a subclinical cervicitis in the female. 
The widespread use of the sulfonamides and 
antibiotics for many unrelated diseases prob- 
ably accounts for the marked reduction in 
the number of cases of inclusion conjunc- 
tivitis seen in recent years. | 

The disease is of minor economic impor- 
tance since there is no visual disability con- 
nected with it, and since the symptoms, ex- 
cept in the newborn child, are mild. It does 
have rather extraordinary scientific interest, 
however, by virtue of its venereal nature and 
the resemblance the virus bears to the virus 
of trachoma. Current research is aimed prin- 
cipally at cultivation, but, just as with tra- 
choma virus, all efforts in this direction have 
so far failed. | 


EPIDEMIC KERATOCONJUNCTIVITIS 


This severe and important keratoconjunc- 
tivitis has been recognized as a clinical en- 
tity since 1889 but the etiology is still in dis- 
pute. All clinical and epidemiologic evidence 
suggests that the disease is a distinct entity, 
however. It is widespread in sporadic and 
epidemic form throughout the world but has 
the highest prevalence in the Orient. | 

The disease was not recognized in the 


United States until 1941 when it was im- 
ported from the Far East by way of Hawaii. 
Since then it has occurred in a number of 
explosive epidemics in industrial plants, in 
hospitals, and in medical dispensaries. and 
offices. We have also seen cases in which 
epidemiologic investigation has failed to re- 
veal contact with known cases, in spite of 
the fact that the incubation period, usually 
nine days, favors the gathering of reasonably 
complete epidemiologic information. 

The disease appears typically as an acute 
keratoconjunctivitis with preauricular aden- 
opathy in which the conjunctival phase pre- 
cedes by seven to 10 days the onset of the 
corneal phase. It is the corneal phase that is 
diagnostic by virtue of the characteristic 
round subepithelial infiltrates which persist 
for many months but which eventually dis- 
appear, usually without scar formation. It is 


generally recognized that the disease can 


occur as a conjunctivitis only. Except in 
connection with a known epidemic, such 
cases can then be confused with a number of 
other forms of acute follicular conjunctivitis. 

It can certainly be said that this disease 
represents a constant threat, since minor epi- 
demics are continually occurring, and major 
epidemics could occur at any time in our in- 
dustrial establishments. It was considered a 
threat to our war effort in 1941 and 1942 
when it spread through shipyards and fac- 
tories. Control measures should be planned 
for future emergencies. 

Research in this disease has been directed 
principally at establishing etiology and de- 
fining epidemiology. Many other problems 


_ should also be investigated, however. Among 


these are (1) the possibility of a vaccine, 
(2) the perfection of a laboratory means of 
diagnosis for the detection of cases in the 
prekeratitis phase, and (3) the development 
of a trustworthy method for the sterilization 
of the ophthalmic tonometer, which has been 
a frequent source of spread. Both clinical 
and laboratory research are needed for the 
establishment of criteria for the differential 
diagnosis of atypical cases from other types 


if 
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of conjunctivitis and keratoconjunctivitis, . small epidemics have been reported in this 


particularly from incomplete forms of the 
pharyngoconjunctival fever syndrome. 

The possible etiologic relationship of 
pharyngoconjunctival fever to Béal’s acute 
follicular conjunctivitis will be discussed 
later. It is sufficient to say here that the two 
diseases have much in common, particularly 
as to clinical course, absence of major cor- 
neal complications, transmission in swim- 
ming-pools, and the occurrence of epidemics 
- in the fall of the year. 


PHARYNGOCONJUNCTIVAL FEVER 
This recently described clinical and etio- 


logic entity will be discussed in detail by_ 


other participants in the symposium. Unlike 
_epidemic keratoconjunctivitis, this disease 
’ has been seen in the United States for many 
years. The excellent clinical and epidemio- 
logic study of Cockburn in the Greeley epi- 
demic of 1953 brought out the essential fea- 
tures of the disease, particularly its occur- 
rence in greatest numbers in children and the 
relationship of the swimming-pool to its 
spread. Here in the San Francisco Bay re- 
gion important epidemics occurred in 1950 
and 1951 in the months of August and Sep- 
tember, and in each epidemic swimming- 
pools were obviously concerned. | 

One of the major points of discussion in 
the symposium should be the differential di- 
agnosis of this disease from epidemic kera- 
toconjunctivitis on the one hand, and from 
Béal’s acute follicular conjunctivitis on the 
other. It is the frequency and character of 
the corneal lesions that must furnish differ- 
-entiating data, pending a decision on the 
etiology of epidemic keratoconjunctivitis and 
Béal’s conjunctivitis. | 


NEWCASTLE DISEASE CONJUNCTIVITIS 


An acute follicular conjunctivitis, often 


with preauricular adenopathy, and of short 
“ duration (seven to 10 days), is occasionally 
seen among veterinarians, poultry-men, or 
workers in packing houses where chickens 


and other fowls are handled. A number: of 


country and abroad. Although the disease in 
fowls is a pneumo-encephalitis with a defi- 
nite mortality, the only reported human man- 
ifestation of this disease has been the con- 
junctivitis, which has always been benign, 
self-limited, and without corneal complica- 
tions. 

The few cases seen by me in the Santa 
Clara Valley have been in’ farmers and 
veterinarians and the conjunctival changes 
have been indistinguishable from those of 
Béal’s conjunctivis and pharyngoconjunc- 
tival fever. The nature of the disease was 
suspected because the patients had either 
been in contact with live vaccine or with the 
disease in fowls, but etiologic diagnosis was 
possible on a laboratory basis by isolation of 
the virus or by the demonstration of a rise 
in antibody during the course of the disease. 

This form of viral conjunctivitis is of 
minor economic importance since it rarely 
causes any loss of work time and since eye- 
to-eye spread does not seem to occur. Cer- 
tainly there have been no visual sequelae. 
The disease has greater scientific than prac- 
tical importance, but the development of a 


simpler means of laboratory diagnosis would 


be worth further research effort. 


LYMPHOGRANULOMA VENEREUM 
KERATOCON JUNCTIVITIS 


This serious but rare type of viral kera- 


~ toconjunctivitis is now amenable to chemo- 


therapy if it is recognized early. It is one 
cause of oculoglandular conjunctivitis ( Pa- 
rinaud’s conjunctivitis) and usually consti- 
tutes the initial lesion of the disease. Ocular 
lesions secondary to the venereal form of the 
disease have for the most part taken the 
form of uveitis, scleritis, or interstitial kera- 


titis without conjunctival changes. Most 


conjunctival cases, at least in this country, 
have been recognized late except in acciden- 
tally infected laboratory workers handling 


the virus in whom the source of the disease 


was of course quite obvious. 
Diagnosis on the basis of specific con- 
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junctival or cornéal lesions has not been pos- 
sible, but the development of an elephantiasis 
of the lids, somewhat suggestive of the ele- 
phantiasis of the labia in the female genito- 
urinary disease due to lymph vessel blockage, 
has been characteristic of late neglected 
cases. This feature was particularly evident 
in the case reported by Curth, Curth, and 
Sanders which I was privileged to see in con- 
sultation. 

While this form of keratoconjunctivitis 
has little economic importance in the United 
States because of its rarity, neglected cases 
can certainly result in total loss of vision. 
The investigation of clinical and laboratory 
methods of early diagnosis is thus very much 
needed. 


HERPETIC KERATITIS AND 
KERATOCONJUNCTIVITIS 


This disease of great economic and visual 
consequence will be the most important sub- 
ject of this symposium. In spite of the fact 
that much is now known about the nature 
and properties of herpes simplex virus, very 
little progress has been made in methods of 
clinical and laboratory diagnosis of atypical 
and early cases. Certainly this disease war- 
rants a major research effort by both oph- 
thalmologists and virologists. Many prob- 
lems connected with it need elucidation. 
Some of these will be discussed in this 
symposium ; others we hope at future meet- 
ings. | 

It is of interest that this disease, which in 
the skin is benign and self-limited, is most 
serious in the cornea and uveal tract because 
of its chronicity and tendency to form scars. 
It should be possible, even in the absence of 
a specific antiviral therapeutic agent, to pro- 
tect the cornea against cicatrization, to re- 
duce chronicity, and to prevent or minimize 
relapses. 


_KERATITIS DUE TO VARIOLA AND 
VACCINIA VIRUSES 


Corneal scars due to smallpox occurred 
frequently at one time but are now rarely 


seen, Cases of accidental vaccinial blephari- 
tis and keratoconjunctivitis are fairly com- 
mon, however, and most ophthalmologists 
encounter a number of them during their 
careers. In some cases the lesions are limited 
to the lids but more commonly involve also 
the conjunctiva and cornea. The typical 
corneal lesion is a disciform keratitis which 
often results in dense cicatrization. The dis- 
ease is sufficiently common to have both 
economic and visual importance, and the 
investigation of control methods would seem 
to be definitely in order. The modification of 
the ocular disease by the use of hyperimmune 
serum should also be investigated further. 


MEASLES KERATOCONJUNCTIVITIS 


Conjunctivitis is a regular feature of mea- 
sles. Koplik’s spots are frequently seen on 
the conjunctiva, particularly on the semi- 
lunar fold. Only with the slitlamp and cor- 
neal microscope can the characteristic epi- 
thelial keratitis be recognized, however. It is 
this keratitis which in all probability ac- 
counts for the common symptom of photo- 


phobia. No subepithelial opacities or cicatri- 


cal sequelae from the keratitis have been 
recorded except in a few instances in which 
secondary bacterial infection has led to cor- 
neal ulceration. 

In a number of adult cases of measles 
seen recently, the epithelial keratitis has 
consisted in multiple epithelial foci, scattered 
widely over the corneas but most prominent 
in the pupillary areas. When the foci have 
been numerous over the pupil, there has been 
transient reduction in visual acuity. In a few 
instances these opacities have persisted into 
the convalescent period. 

In view of the transient, benign course 
of the keratoconjunctivitis of measles, it 
must be considered of minimal economic and 
visual importance. 


MOLLUSCUM CONTAGIOSUM CONJUNCTIVITIS 
AND KERATOCONJUNCTIVITIS 


When molluscum nodules occur on the lid 
margins in such a position as to permit virus- 


| 
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containing epithelial debris to desquamate 


into the conjunctival sac, a chronic follicular 
conjunctivitis regularly develops. If the con- 
dition persists, the conjunctivitis is fre- 
quently complicated by a keratitis, epithelial 
at onset but sometimes developing subepi- 
thelial infiltrates and even pannus. I have 
seen cases which closely simulated trachoma 
and in which actual visual loss has occurred. 
The keratoconjunctivitis does not represent 
an actual viral infection of the tissues in- 
volved but rather a toxic reaction to viral 
products; extirpation of the lid margin 
nodules invariably results in rapid cure. It 
should be mentioned, however, that a few 
cases have been described in the literature in 
which molluscum nodules were found on the 
conjunctiva or cornea; these represented 
actual virus invasions. 


By virtue of its infrequency and the fact 


that most cases heal without visual loss, mol- 
luscum contagiosum keratoconjunctivitis is 
unimportant economically and visually. Cases 
are sometimes misdiagnosed, however, par- 
ticularly when only a single isolated nodule 
is concerned. The disease is interesting to 


both ophthalmologists and virologists be- 


cause the virus has resisted all cultivation 
attempts, and because the keratoconjunctivi- 
tis is unique among viral keratoconjuncti- 


vitides (common wart keratitis possibly ex-. 


cepted) in representing a toxic reaction. The 
resemblance of the keratoconjunctivitis to 
trachoma has also excited much interest and 
speculation. 


COMMON WART KERATITIS AND 
KERATOCONJUNCTIVITIS 


Verruca vulgaris of the lid margin is a 
common finding, but only exceptionally (and 
in this respect differing from molluscum con- 
tagiosum) does a secondary keratitis or con- 
junctivitis develop as a complication of the 
lid margin lesion. When a conjunctivitis does 
develop it is never follicular like molluscum 
contagiosum conjunctivitis, and the keratitis 
is strictly epithelial. The keratitis is the more 
frequent complication and often occurs 


alone; I have seen some 22 cases of verruca 
keratitis and most of them have had very 
little if any associated conjunctivitis. As in 
molluscum contagiosum, removal of the lid 
margin nodule results in cure of the con- 
junctival and corneal disease. Also as in 
molluscum contagiosum, the viral tumors 
occasionally occur on the conjunctiva. I have 
myself seen only one such example. | 

This disease has considerable theoretic 
interest but littlke economic or visual im- 


portance. The exact mechanism of the pro- 


duction of the conjunctival and corneal le- 
sions is not understood and further research 
on this point, and on the purely virologic 
aspects of the disease, is needed. 


MUMPS KERATITIS 


Many observers have noted the transient 


interstitial keratitis which commonly occurs 


in mumps. Conjunctivitis has not been a 
feature of the disease. The keratitis has been 
uniformly self-limited, and, although a drop 
in acuity has occurred during the illness, 
recovery has been the rule. In none of the 
small series of cases I have studied has there 
been any permanent change; the corneal le- 
sion is presumably an edema without necrosis 
of stromal cells. A few cases in which the le- 
sion has become disciform, with subsequent 
scar formation, have been recorded in the 
literature, however. : 

The economic importance of mumps kera- 
titis can be considered minimal and visual 


loss exceptional. 


HERPES ZOSTER KERATITIS 


Herpes zoster ophthalmicus is a major eye - 
disease whose frequency has increased in 
parallel with the increased life span since 
the majority of cases occur in elderly indi- 
viduals. During the course of the cutaneous 
disease, a moderate to severe conjunctival 
hyperemia commonly develops, but it is the 
keratitis, often complicated by iridocyclitis 
and secondary glaucoma, which is most im- 
portant. 
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The keratitis is typically subepithelial, 
without ulceration, and consists in multiple 
round or oval opacities resembling to some 
extent the opacities of epidemic keratocon- 


junctivitis. Many severe cases develop a 


disciform keratitis, and in my experience the 
healing of such cases has always been ac- 
companied by extensive cicatrization. Even 
in the subepithelial opacity cases, a consider- 
able reduction in vision is the rule and is 
often permanent. There is regularly a reduc- 
tion in, or complete disappearance of, corneal 
_ sensitivity, and as a result trophic changes in 
the epithelium frequently supervene. 

Zoster keratitis is of course diagnosed 


strictly on a clinical basis. A few atypical 


cases with minimal skin lesions have been 
seen in which laboratory aid would have 
been valuable if it had been available. The 
disease is important economically and visu- 
ally and needs a lot of investigation. Gun- 
dersen’s claim that the corneal phase can be 
prevented or modified by the use of conva- 
lescent blood or serum early in the disease 
needs confirmation. Little is known of the 
localization of the virus in the ocular tissues, 
and indeed many features of the disease need 
further elucidation. 


VARICELLA KERATITIS © 


The eye is only rarely involved in chicken- 
pox. Pox of the lid margins and of the bul- 
bar conjunctiva have been reported, and so 
has uveitis. A few instances of keratitis, 
typically disciform, have also been recorded. 
Although I have seen a number of pox of 
the lids and conjunctiva, and one case of 
varicella uveitis, I never have observed the 
keratitis. Its economic and visual importance 
must be considered minimal because of its 
rarity. In view of the apparently close rela- 
tionship between the varicella and zoster 
viruses, it is curious that there should be 
such a difference in the ocular lesions they 
produce. 7 


CONJUNCTIVITIS OR KERATITIS IN OTHER 
KNOWN VIRAL DISEASES 


A conjunctivitis, generally consisting in 
hyperemia, with minimal infiltration and 
without follicular or significant papillary 
hypertrophy, is a common feature of most 
viral diseases with systemic manifestations, 
for example, yellow fever, German measles, 
dengue fever, sandfly fever, and the common 
cold. In a few instances keratitis has been 
reported but so infrequently as to raise 
serious doubts that a causal relationship 
existed in the reported cases. A keratocon- 
junctivitis of consequence appears to have 
developed in a few of the rare human cases 
of foot-and-mouth disease, howeyer. It is 
of interest that a frequent manifestation of 
psittacosis in birds is a conjunctivitis in 
which the specific inclusions are readily 
demonstrable, but that the disease in man 
is not accompanied by ocular lesions. 


CONJUNCTIVITIS AND KERATOCONJUNCTI- 
VITIS OF SUSPECTED VIRAL ORIGIN 


BEAL’S ACUTE FOLLICULAR CONJUNCTIVITIS 


This benign, self-limited, acute follicular 
conjunctivitis was first defined as a clinical 
entity by Béal in 1907 when he described an 
epidemic occurring in Paris. About one- 
third of his series of cases had systemic 
symptoms suggestive of pharyngoconjuncti- 
val fever, and since the clinical picture and 
course of the conjunctivitis are similar to 
those of the latter disease, it is possible that 
the two are identical. This problem will be 
discussed later in this symposium. 

The disease is characterized by absence 
of corneal changes, occurrence of a scanty 
exudate of the typical viral type (mononu- 
clear cells predominating), occurrence in 
epidemic form, transmission in swimming- 
pools, and affinity for children and young 
adults. In the small epidemic reported by 
me among summer school students at the 
University of Iowa, all the patients had 


VIRAL KERATOCONJUNCTIVITIS 


frequented swimming-pools and none had — 


any signs of associated systemic disease. It 
is to be hoped that a decision as to the cause 
of this disease can soon be reached. 


CHRONIC FOLLICULAR CONJUNCTIVITIS 
(AXENFELD TYPE) 


This type of chronic follicular conjuncti- 
vitis is characterized by absence of any as- 
sociated corneal changes, by long duration 
(average two years) and minimal inflamma- 
tory signs, and by a tendency to spread in 
orphan asylums and other institutions where 
children are in close contact. Onset is insidi- 
ous and healing always takes place without 


sequelae. Nothing is known about etiology 


but the disease can be transmitted from per- 
son to person though not to monkeys or other 
laboratory animals. 
This disease is of no economic or visual 
importance but is of considerable scientific 
interest and very much needs investigation. 


SUPERFICIAL PUNCTATE KERATITIS 


This distinct clinical entity is characterized 
by a chronic punctate epithelial keratitis in 
association with a mild bulbar conjunctivitis. 
It is typically bilateral and invariably of 


long duration, but it heals after several years - 


of activity with no sequelae. The disease is 
a source of considerable discomfort and 
temporary visual loss. It is of interest that 
the signs and symptoms can be suppressed 


almost completely by topical applications of 


cortisone and other steroids. All age groups 
are affected. 

From this disease Braley has described 
the isolation of a virus which is specifically 
neutralized by sera from affected cases. Con- 


firmation of this claim is still lacking and 


further research is urgently needed. The 
disease is of considerable economic and visual 
importance by virtue of its relative fre- 
quency, its long duration, the discomfort it 
engenders, and the temporary visual loss 
which is a characteristic feature. 


‘OCULAR PEMPHIGUS 


This devastating and usually binocular 
keratoconjunctivitis is fortunately rare and 
spares children and young adults. It usually 
progresses relentlessly to total blindness and 
is one of the most destructive of all the 
keratoconjunctivitides. Unfortunate features 
of the disease are (1) cicatrization, which - 
leads to trichiasis and consequent great dis- 
comfort, and (2) loss in tear function which 
occurs early due to obliteration of the secre- 
tory ducts of the lacrimal gland; this in turn 
leads to cornification of the epithelium of the 
conjunctiva and cornea. ae 

Nothing is known about etiology. The dis- 
ease has a great tendency to pick up sec- 
ondary bacterial invaders, particularly beta 
hemolytic streptococci, but it seems clear that 
no bacterium plays a primary role. A char- 
acteristic cytologic feature of the disease 
is the regular occurrence of a low-grade con- 
junctival eosinophilia and of a blood eosino- 
philia. 

This disease certainlywarrants intensive 
investigation. If it were not for its infre- 
quency it would have great economic im- 
portance. There is no doubt about its de- 
structive effect on vision. 


REITER’S DISEASE CONJUNCTIVITIS 


The mucopurulent conjunctivitis of Rei- 
ter’s syndrome has been of signal ophthal- 
mologic interest, although cases are rarely 
seen in this area. The nonspecific conjuncti- 
vitis is usually subacute and associated with 
a moderate conjunctival exudate in which 
neutrophils predominate. No_ significant 
micro-organisms, inclusions, or other cyto- 
logic findings have been noted in conjunctival 
scrapings and exudates. Only rarely is there 
any corneal involvement but when it occurs 
it is usually in the form of marginal infil- 
trates. | 

This disease, whose cause is still unknown 
in spite of isolation claims for both viral 
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and pleuropneumonialike organisms, is of 
importance because it attacks young male 
adults of military age predominantly, and 
because the associated arthritis is incapacitat- 
ing over periods of several months. 


CONJUNCTIVITIS OF THE ERYTHEMA MULTI- 
FORME SYNDROME : 


The conjunctivitis of this syndrome may 
be catarrhal, purulent, or membranous. The 
purulent and membranous forms may lead 
to important cicatricial changes of the con- 
junctiva and cornea, with diminution or loss 
of vision. The etiology is still unknown. 
Since the disease occurs frequently and at- 
tacks children and young adults predomi- 
nantly, often effecting serious visual loss, 
it is of distinct economic importance. Further 
research is clearly indicated. 


OTHER TYPES OF KERATOCONJUNCTIVITIS OF 
INDEFINITE NATURE 


During the course of our keratoconjuncti- 
vitis studies here at the University of Cali- 
fornia since 1946, we have encountered a 
number of cases of keratoconjunctivitis 
which have defied clinical or laboratory 
analysis. Some of them have been mild and 
self-limited, but a significant number’ have 
been chronic, severe, and accompanied by 
major visual loss. These cases were studied 
intensively for etiologic agents without re- 
sults. It is obvious that the study of this 
type of case warrants a major effort in virus 
research, 


University of California 
Medical Center (22). 
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CLINICAL MANIFESTATIONS OF PHARYNGOCONJUNCTIVAL FEVER* 


JoserH A. Bett, M.D. 


~ 


Bethesda, Maryland 


This discussion of the clinical manifesta- 
tions of pharyngoconjunctival fever is 
limited to the manifestations observed in 
some 500 cases studied in the Washington, 
D.C., area,’~* because other speakers will de- 


scribe the disease as seen elsewhere. The ob- 


servers included Dr. R. J. Huebner, Dr. W. 
P. Rowe, Dr. R. G. Suskind, Dr. R. H. 
Parrott, Dr. R. W. Ryan, Dr. J. I. Engler, 
and Dr. J. A. Bell. Epidemiologically, the 
disease has occurred in all age groups, but 
predominantly in children; it has occurred 
in outbreaks in a children’s day camp, in 
an orphanage, and in two residential neigh- 
borhoods. It has occurred endemically or 
sporadically throughout all seasons. Our 
naturally occurring cases have been caused 
by Type 3 adenovirus but we have been 
able to induce a similar illness in many sus- 
ceptible volunteers by swabbing the conjunc- 
tiva with live adenovirus Types 1, 3, 4, and 
5, and perhaps | 

Pharyngoconjunctival fever is an acute in- 


fectious illness typically characterized by 


fever, pharyngitis, and a nonpurulent follicu- 
lar conjunctivitis. These manifestations oc- 
cured singly or in any combination and with 
a wide range in degree of severity. Typical 
cases having the symptom triad were readily 
curred singly or in any combination and with 
conjunctivitis served to differentiate the dis- 
ease from the great mass of undifferentiated 
acute respiratory illnesses. The conjunctivi- 
tis did not occur in some 30 percent of 
the cases but these could be recognized epi- 
demiologically with a fair-degree of accuracy 
through their association with typical cases. 


*From the Laboratory of Infectious Diseases, 
National Institute of Allergy and Infectious Dis- 
eases, National Institutes of Health, Public Health 
Service, U. S. Department of Health, Education, 
and Welfare. 


The diagnosis may be confirmed in the lab- 
oratory by isolation of the etiologic agent in 
tissue culture and by a specific antibody rise 
in acute and convalescent serums. 

The onset was either gradual or sudden. 
The fever rose rather rapidly to as high as 
103°F. or 104°F., particularly in children, 
and gradually subsided by lysis. It persisted 
from one to 10 days with a median of about 
five days. Chart 1 shows the febrile course 
of a typical case in a six-year-old girl seen 
at the Clinical Center and reported in Dr. 
Parrott’s paper.* In this case, the total and 
differential leukocyte count were not remark- 
able but in general a slight leukopenia may 
exist. The pulse and respiration rates fol- 
lowed the temperature curve and were other- 
wise not unusual. 

The pharyngitis was commonly manifest 
by a sore throat complaint. This was de- 
scribed more as a discomfort or scratchiness 
rather than painful deglutition. Examination 
of the throat generally showed nothing strik- 
ing except that the posterior oral pharynx 
was frequently studded with glairy lymph 
follicles associated with vascular injection. 
Nontender, submaxillary lymphadenopathy 
was common even in the absence of the sore 
throat complaint. | 

The conjunctivitis was occasionally the 
source of the chief complaint. The eye symp- 


toms ranged from itching and burning to 


a moderately severe irritation and foreign 
body sensation. Visual blurring occasionally 
occurred with excessive lacrimation. Com- 
plaints of retro-orbital pain and photophobia 
were almost nonexistent. Occasionally only 
one eye was involved, sometimes both eyes 
were involved simultaneously, and not in- 
frequently the second eye was involved a 
few days after the first and generally to a 
milder degree. 


1] 
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Chart 1 (Bell). Febrile course of a typical case in a six-year-old girl. 
(Reproduced from Parrott’ with permission of the publishers. ) 


Upon examination some narrowing of the 
palpebral fissure was frequently noted and 
was considered to be caused by blepharo- 
spasm. Often there was some dried serous 
exudate at the base of the lashes. A purulent 
exudate was seldom seen. An acute catarrhal 
inflammation occurred on the lower palpebral 
conjunctiva and commonly was_ severe 
enough to extend to the bulbar and upper 
palpebral conjunctiva. Lymph follicle hy- 
perplasia was usually present and commonly 
most marked on the lower palpebral con- 
junctiva. No involvement of the cornea or 
any other part of the eye was noted. The 
preauricular lymph node was occasionally 
palpable. The conjunctivitis persisted from 
three to four days to as long as three weeks 
and recovery was complete. The conjuncti- 
vitis was generally less severe in cases oc- 
curring during the winter time when not 


associated with swimming. In two outbreaks 
occurring in January and April in a Wash- 
ington, D.C., orphanage, the conjunctivitis 
was definitely more mild and lasted only a 
few days to a week. 

No deaths are known to have occurred, 
and no sequelae have been recognized. Otitis 
media may be a complication or it may be 
part of the disease. It occurred infrequently 
and was usually nonpurulent and did not 
seem to respond well to antibiotics. Head- 


ache was a common symptom, and listless- 


ness, particularly drowsiness, toward the 
end of the febrile illness seemed to be quite 
common. Cough, chest findings, and skin 
rashes were practically nonexistent. Nausea, 
vomiting, diarrhea, and epistaxis occurred 
only in a few cases. Jaundice did not occur. 
Muscle, bone, and joint aches and weakness — 
occasionally occurred, particularly in adults. 
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Differential diagnosis should consider 
leptospirosis, influenza, herpangina, and 
various nonpurulent conjunctivitides, for ex- 
ample, herpes, inclusion conjunctivitis, epi- 
demic keratoconjunctivitis. The clinical pic- 
ture is not that of leptospirosis, as the pa- 
tients studied did not have the severe malaise, 
headache, muscle, bone, and joint ache, 
vomiting, and stiff neck and did not have the 
jaundice often seen in cases of leptospirosis. 
In addition, the conjunctivitis in the patients 


studied in the summer outbreaks was gen-~ 


erally of longer duration, and no deaths oc- 
curred. Agglutination-lysis tests for lepto- 
spirosis aid differential diagnosis particularly 
in epidemics associated with swimming pools. 

The rather sharp outbreaks of acute fe- 


brile illness suggest influenza. The patients _ 


studied did not generally have the muscle, 
bone, joint, and retroorbital pains and aches 
common with influenza; on the other hand, 
they commonly had a follicular conjuncti- 
vitis, which is definitely not common in in- 
fluenza. The hemagglutination inhibition test 
and influenza virus isolation aid differential 
diagnosis, particularly in wintertime out- 
breaks. 

_ Herpangina is a common febrile disease of 
children that occurs during the summer 


months. Clinically, the characteristic her- 


petiform lesions of herpangina on the palate 
and anterior pillars serve for diagnosis. The 
laboratory isolation of Coxsackie virus aids 
differential diagnosis. 

Of the nonpurulent conjunctivitides, epi- 
demic keratoconjunctivitis and inclusion con- 
junctivitis are to be considered in differential 


diagnosis. Neither of these is commonly as- 
sociated with general symptoms nor has such 
short duration as found in the study cases. 
In addition, no corneal involvement and no 
inclusion bodies were found in our cases. 

Pathologically, the adenoviruses tended to 
localize in the lymphatic tissues. When live 
adenovirus was swabbed on one eye of 
susceptible volunteers, conjunctivitis devel- 
oped in two to seven days and not uncom- 
monly the preauricular lymph node, the 
tonsil, and submaxillary lymph glands be- 
came involved, notably on the same side as 
the affected eye. Cytologic examination of 
conjunctival smears showed nothing abnor- 
mal and no cytoplasmic or nuclear inclu- 
sions. Histopathologic examination of con- 
junctival sections showed that the conjuncti- 
vitis was characterized predominantly by 
migration of lymphocytes into the submuco- 
sal tissue. Sections of the tonsil showed that 
the clinical enlargement was due to hyper- 
trophy and hyperplasia of the tonsillar lym- 
phoid tissue augmented to a slight extent. by 
congestion of vessels and edema of the peri- 
tonsillar connective tissue. 

We have not carried out any studies on 
treatment but many of the cases we saw had 
been treated with the common antibiotics and 
sulfonamides and no particular benefit was 
discerned. It appears that topical applica- 
tion of the corticosteroids may alleviate 
symptoms but may be dangerous if the case 
is incorrectly diagnosed. Vaccine prophy- 
laxis appears to be effective.’~® 


National Institutes of Health (14). 
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SPORADIC CASES OF PHARYNGOCONJUNCTIVAL FEVER* 
In NorRTHERN CALIFORNIA, 1955-1956 


S. J. Kimura, M.D., L. Hanna, M.A., A. Nicuoras, B.A., 
P,. Tuyceson, M.D., anp E. Jawetz, M.D. 


San Francisco, California 


During the past 15 months we have 


studied 27 patients with acute conjunctivitis 
associated with symptoms of upper respira- 
tory infection with pharyngitis, preauricular 
and/or cervical adenopathy, and fever. The 
patients were all from the San Francisco Bay 
area, and many of them were referred by 
local ophthalmologists, the Eye Clinic, and 
Student Health Service of the University of 
California Medical Center of San Francisco. 


METHODS 


CRITERIA FOR INCLUDING PATIENTS IN 


SERIES 


All the patients included in this series 
‘were examined thoroughly with a slitlamp 
microscope, and those with acute follicular 
hypertrophy of the conjunctiva were in- 
cluded. Bacterial cultures were taken to rule 


out bacterial infection, and cytologic study 


of conjunctival exudate was made to show 
the predominantly mononuclear cell reaction 


which is characteristic of viral infections. 


Patients were questioned as to the presence 
of respiratory symptoms. Routine throat 
examinations were made to determine if 
there were a pharyngitis present. © 


*From the Departments of Ophthalmology and 
Microbiology and the Francis I. Proctor Founda- 
tion for Research in Ophthalmology, University of 
California School of Medicine. 


VIRUS ISOLATIONS 


Washings or scrapings from conjunctiva 
were obtained. Throat swabs were obtained 
from patients exhibiting respiratory symp- 
toms. The specimens were suspended in main- 
tenance medium (10-percent chick serum in 
Mixture 199), with the addition of antibiotics 
to prevent bacterial growth and were either 
inoculated into tissue culture immediately or 
kept frozen at —20°C. until used. HeLa cell 
tissue cultures in tubes were obtained from 
Tuskegee Institute, Alabama. They were 
washed twice with Hanks’ solution, and then 
0.2 ml. of the specimen and 0.8 ml. of mainte- 
nance medium were added.* The tubes were 
incubated in a stationary position at 36°C. 
for as long as the integrity of the HeLa 
cells permitted, usually 12 to 21 days, with 
occasional changes of maintenance medium 
when required by acid pH. The tubes were 
observed regularly at intervals of one or two 
days for cytopathogenic effects indicative of 
virus proliferation. When no evidence of 
virus activity was detected in the first tissue 


culture passage, at least one blind passage 


was made before the specimen was discarded 
as negative. | 
Viruses isolated in tissue culture were 


* All tissue culture media were obtained from 
Microbiological: Associates, Bethesda, Maryland. 
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typed with known specific antisera through 
the assistance of Lieut. Col. T. O. Berge, 6th 
Army Area Medical Laboratory, and Dr. 
R. J. Huebner, National Institute of Health. 


SEROLOGIC TESTS 


Complement-fixation tests were performed 
in a conventional manner, using two full 
units of complement, two units of hemolysin, 
two units of antigen, and a two-percent sus- 
pension of sheep cells. Sera were inactivated 
at 60°C. for 20 minutes. The test was incu- 
bated over night at 4°C. and for 10 minutes 
at 37°C. before the addition of sensitized 
cells. Readings were taken 10 minutes after 
the controls cleared completely. The anti- 
gen consisted of fluid from tissue cultures 
in which types 3, 4, 6, or 8 adenoviruses 


had been grown. Immediately before use 
this fluid was heated at 56°C. for 30 minutes, 


then centrifuged at 1,000 rpm for 10 min- 
utes. 

For neutralization tests about 100 T.C.so 
doses of infective virus were mixed with 
twofold serum dilutions and incubated at 
room temperature for one hour. The 0.2 ml. 
of the mixture was inoculated into each 
tube of twice-washed HeLa cell cultures, and 
0.8 ml. of maintenance medium was added. 
The tubes were incubated at 36°C. in a sta- 
tionary position and read daily in the con- 
ventional manner, denoting cytopathogenic 
effects by 1+ to 4+. Agreement between 
duplicate tubes containing the same mixture 
was good, The result was considered to show 
neutralization when there was a difference of 
3+ in readings of experimental and control 
tubes for at least two consecutive days. Virus 
titrations and positive and negative control 
sera were included in each test. 


ANALYSIS OF CASES 


AGE OF PATIENTS 


The patients’ ages ranged from two to — 
41 years, with a median age of 25.5. years. 


The majority were young adults, with 21 
of the 27 patients ranging in age from 15 
to 30 years. Four of our patients were 


resident physicians and two were student 
nurses, two pharmacy students, and one den- 


tal student. None of these patients gave a 


history of exposure to patients with conjunc- 
tivitis or to swimming. 


CLINICAL SYMPTOMS 


The outstanding symptom was conjuncti- 
vitis in all of the 27 patients. The con- 
junctivitis was acute in most cases with 
follicular hypertrophy of the conjunctiva. 
The exudate was never purulent but always 
serous. Bacterial cultures were uniformly 
negative for pathogenic organisms, and the 
cytology of the exudate showed predomi- 
nantly mononuclear cell reaction. 

Four of the 27 patients had a definite epi- 


‘thelial keratitis along with the follicular con- 


junctivitis. The earliest case seen was three 
days after onset, and the keratitis was 
marked. Only a few of these lesions stained 


with fluorescein after a week or 10 days. 


By biomicroscopic examination the early 
lesions appeared as groups of small opacities, 
forming small round, linear, or stellate 
opacities which were totally confined to the 
corneal epithelium. These lesions cleared 
gradually, leaving a group of larger opacities 
more sparsely distributed. In one case these 
lesions have lasted four weeks with gradual 
fading. 

There were other associated signs and 
symptoms present in all of the patients. Pre- 
auricular adenopathy on the same side as the - 
eye lesion was present in 23 of the 27 pa- 
tients (85 percent). Pharyngitis was present 
in 15 of the patients. Only a few of the 
patients were aware of having a fever, and 
when checked with a thermometer only nine 
of 27 patients had a definite fever. 


SIGNS AND SYMPTOMS 


| Patients 
Conjunctivitis, follicular ........ 27 
Adenopathy, preauricular ....... 23 
Upper respiratory infection ...... 8 
Adenopathy, cervical ............ 3 
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VIRUS ISOLATIONS 


Adenovirus was cultured from 13 of the 
27 patients. Adenovirus type 3 was isolated 
from 11 of the patients, type 2 from one 
patient, and type 6 from another. All of 
these cases were cultured within eight days 
from the time of onset of the conjunctivitis. 
Nine of the 13 positive cultures were ob- 
tained by washings of the conjunctival sac. 
In two patients the conjunctival scrapings 
were taken as well as conjunctival washings. 
Scrapings alone were taken on one case. 
Positive throat cultures were found in four 


patients in whom virus was cultured from > 


the conjunctival sac and in each instance 
the virus type was the same. 


SEROLOGIC STUDIES 


Paired sera were available from only 10 
of the 13 patients who yielded adenoviruses. 
Ten of these patients had a significant and 
diagnostic rise in specific antibodies. Neu- 
tralizing antibodies showed a significant rise 
in all 10 patients, but complement fixing 
antibodies rose in only seven of them. In 
the remaining 14 patients from whom we 
failed to recover adenoviruses pereeagre tests 
have not been completed. 


DIscUSSION 


Twenty-seven cases of acute follicular 
conjunctivitis with systemic or respiratory 
involvement, but without seasonal incidence, 
were studied. All of these cases were di- 
agnosed clinically as pharyngoconjunctival 
fever, even though the systemic and respira- 
tory symptoms were often mild or even ab- 
sent. Preauricular and/or cervical adenop- 
athy was the only fairly constant finding 
along with the follicular conjunctivitis. This 
is unlike the reports of Bell et al., and Ryan 
et al., of the disease in children where symp- 
toms such as fever, malaise, pharyngitis, 
and headaches were more prominent than the 
conjunctivitis. Most of the patients studied 
in this report were adults whose primary 


complaint was an acute red eye. 

An adenovirus was isolated from 13 of the 
27 cases. All were type 3 adenovirus except 
in two patients from whom a type 2,* and 
a type 6, respectively, were isolated. In both 
of these cases there was a corresponding 
rise in neutralization titer against the virus 
isolated. 

The keratitis was present in only four 
of the 27 patients. During the early stage 


of the disease the keratitis can be missed 


unless specifically looked for with biomicro- 
scope. The keratitis is strictly epithelial and 
the lesions are small and diffusely scattered 
over the whole cornea. The larger opaci- 
ties in the later stage are still epithelial, 
but the opacity may involve the subepi- 
thelial part of the cornea also. These are 
easily differentiated from the opacities of 
epidemic keratoconjunctivitis because the 
main part of the opacity is in the epithelium 
and often stains with fluorescein. Very often 
the opacity causes a thickening of the epi- 
thelium which can be seen by reflected light. 
Unlike epidemic keratoconjunctivitis these 
opacities are not necessarily grouped in the 
area of the papillary axis, but scattered over 
the whole cornea. Also the opacities fade 
sooner than those of epidemic keratocon- 
junctivitis which may last up to three years. 

Sporadic cases of pharyngoconjunctival 
fever in Northern California occur primarily 
in young adults and the systemic and respira- 
tory symptoms appear to be less severe than 
in children. Both type 2 and 6 adenovirus 
appear to be an etiologic cause of pharyngo- 
conjunctival fever in addition to the type 3. 

University of California 

Medical Center (22). 


* Jawetz, E., Hanna, L., Kimura, S. J., and 
Thygeson, P.: Clinical diseases of adults associated 
with sporadic infections by APC viruses. Arch. Int. 
Med., 98:71-79, 1956 

t Jawete, E., Hanns, L., Kimura, S. J., and 
Thygeson, P.: A new type of APC virus from fol- 
ogy conjunctivitis. Am. J. Ophth., 41:231-234, 
1956. 
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H. L. Ormssy, M.D., ANN M. 


In 1950, a study of eye virus infections 


at the University of Toronto was commenced . 


with the aid of a National Health Grant. 
Since its initiation, this work has gone on 
continuously, and much information has 
been accumulated concerning eye infections 
in the Toronto area. All residents in the 
Department of Ophthalmology have had a 
_ period of instruction in the Eye Bacteriology 

and Virus Laboratory during the early 
months of their training. In their subsequent 
years in the eye clinics they were thus able 
to recognize eye virus diseases and referred 
many of the patients in this study to the 
laboratory for further work-up. Thus, a 
fairly accurate knowledge of the epidemi- 
_ ology of the adenovirus diseases affecting the 
eyes is presently available in the areas serv- 
iced by the teaching hospitals in metropoli- 
tan Toronto. 

Our initial interest in the group of eye 
virus diseases, now known as adenoviruses, 
was stimulated by an extensive outbreak of 
epidemic keratoconjunctivitis which occurred 
in 1951 at the Ford Motor plant in Windsor, 
Ontario. Epidemiologically and clinically 


this outbreak presented many interesting fea-_ 


tures. The early cases, occurring in the spring 
of 1951, were relatively benign and few pa- 
tients developed corneal opacities. At the 
height of the epidemic, in June and July, the 
course of the disease was more acute, and 
many patients developed keratitis. The sever- 
ity of new cases occurring in the last few 
weeks of July decreased, and the disease 
disappeared entirely during August when 
the plant was closed down for holidays. 
There was no evidence that epidemic kerato- 
conjunctivitis was epidemic elsewhere in the 
city of Windsor, and oculists who were prac- 


*From the Departments of Ophthalmology and 
Bacteriology, Faculty of Medicine, University of 
Toronto, and the Research Institute, The Hospital 
for Sick Children, Toronto. 
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ticing in that area saw few cases originating 
outside the Ford Motor plant. The transmis- 
sion of this disease in this epidemic was simi- 
lar to that reported in previous outbreaks 
throughout the United States during the 
past 10 years. Very largely the disease was 
confined to industries and spread within 
the plants without significantly affecting per- 
sons working in other industries or in the 
population at large. 

Clinically, this epidemic of epidemic kera- 
toconjunctivitis was interesting since out of 
over 600 patients who presented themselves 
for treatment, only 89 developed corneal 
opacities seen by focal illumination and the 
binocular loupe. The corneal opacities were 
typical of those described in previous epi- 
demics of epidemic keratoconjunctivitis, 
being dense, round, sharply circumscribed 
epithelial and subepithelial infiltrates located 


chiefly about the visual axis. 


In a follow-up study of those patients with 
corneal opacities one year later, 29 of the 61 
patients available for study still had corneal 
opacities with resultant visual disturbance. 
A number of nonopacity cases were ex- 
amined by one of us (H. L. O.) and were 
seen to have a similar course to those with 
opacities, in that there was a sharp onset 
with a foreign-body sensation, tearing, and 
injection of the conjunctiva, There was 
usually an enlargement and tenderness of the 
preauricular node on the affected side. Fol- 
licles appeared in the conjunctiva of both 
fornices as the disease progressed but were 
not as large as those seen in inclusion con- 
junctivitis. Pseudomembranes and subcon- 
junctival hemorrhages were frequently pres- 
ent, The second eye was involved within two 
to five days in most instances, but the course 
was invariably more benign. 

In Toronto, at the time of the Windsor 
epidemic, a number of sporadic cases of 
follicular conjunctivitis were seen by us, and 
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carefully followed by slitlamp microscopy. 
These cases were similar to the nonopacity 
_ cases seen in Windsor. Only one of these 
patients (a farmer) developed typical major 
subepithelial opacities. 

During the next two years (1952-53) at- 
tempts were made to isolate virus from 
frozen stored washings taken from these 
Windsor and Toronto cases during the acute 
phase of the disease, using tissue cultures 
of embryo mouse-brain according to the 
technique previously reported by Sanders 
and Alexander. A number of strains of 
virus were isolated, but these were all sub- 
sequently shown to be closely related to the 
Theiler T, O. strain of mouse encephalomy- 
elitis virus. Sixty-one convalescent sera from 


opacity cases in Windsor were then tested 


against the Braley-Sanders virus. None of 
them was found to have neutralizing anti- 
body to this virus. Similarly, none of the 
convalescent sera from the Toronto cases 
had antibodies to this virus.” 

In the Toronto area, during the five years 
of this study, only four patients with the 
typical major opacities of epidemic kera- 
toconjunctivitis have been seen by us. Two 
of these showed a rise in neutralizing anti- 
body to the type 8 adenovirus (Trimborn). 
Two other patients who had corneal opacities 
indistinguishable from those of epidemic 
keratoconjunctivitis, immediately following 
the acute phase of the disease, failed to show 
a rise of antibody to the Trimborn virus. In 
one of these patients, the type 3 virus was 
isolated, and the opacities did not persist 
beyond a six-month period. In the other 
patient, the opacities faded and had dis- 
appeared within four months. 

During 1952, 1953, and the first 10 months 
of 1954, no epidemics of eye virus infection 
were seen by us in the Toronto area. One 
patient was seen in August, 1954, with a 
follicular conjunctivitis, preauricular adenop- 
athy, and subconjunctival hemorrhages. In 
November, 1954, another patient was seen 
with the same symptoms, and from this 
time onward throughout 1955 patients with 


follicular conjunctivitis came to us in in- 
creasing numbers until the disease reached 
epidemic proportions. 

Meanwhile Rowe and co-workers’ had re- 
ported the isolation of a new group of 
viruses which they named the “APC group.” 
Since monkey-kidney and HeLa cells were 
now available to us, attempts were made to 
isolate virus in tissue cultures with these 
new cells from eyewashings and throat 
swabs. At the time of this report, a total 
of 42 virus isolations have been completed, 
and typing has revealed that 23 were neutral- 
ized by the type 3 adenovirus antiserum, 15 
by type 7, one by type 2, one by type 9, and 
one strain is not yet typed. The reports of 
these isolations are available in separate pub- 
lications.* > In addition to the patients from 
whom isolations of virus have been ob- 
tained, all of whom were examined by us, 
several hundred additional patients were seen 
by one of us (H. L. O.) with clinical mani- 
festations of the disease, usually in the late 
stages of the disease so that eyewashings © 
were not taken. Thus, during 1955, the epi- 
demic of pharyngoconjunctival fever was 
widespread and of serious proportions. 

In an analysis of patients from whom 
virus was isolated, it will be seen in Table 
1 that type 3 infections occurred throughout 
1955, with the highest incidence in the 
summer months. A sharp epidemic of type 
7 adenovirus infection, transmitted largely 
in swimming pools, appeared later in July 
and lasted only for five weeks. 

The signs. and symptoms of type 3 and 
type 7 adenovirus infection in these epi- 
demics were similar in most respects. The 
majority of the patients from whom type 3 
virus was isolated were adults, none of whom 
had significant systemic manifestations, but 
all of whom were seriously enough con- 
cerned about their ocular manifestations to 
seek medical aid. We were able to follow 
most of these patients with slitlamp micros- 
copy over periods sufficiently long to reveal 
the presence or absence of corneal opacities. 
In the corneas of 24 patients from whom 
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TABLE 1 


DATE OF ONSET OF PHARYNGOCONJUNCTIVAL 
FEVER, PROVEN BY VIRUS ISOLATION 


Number of Cases 


15 1 


type 3 virus was isolated, corneal opacities 
were noted in 10, or approximately 50 per- 
cent. In neither of the two children in the 
type 3 group, aged nine years, were corneal 
changes observed. All patients with opaci- 
ties were adults. Similarly, in two of the 
four adult patients from whom type 7 
adenovirus was isolated, corneal opacities 
were seen on slitlamp microscopy. In none 
of the children with type 7 virus were any 
corneal changes observed. 

When keratitis developed in the affected 
eyes, it was seen to follow a characteristic 
course. Usually in the first eye developing 


the disease, and hence the most acutely in- 


volved, epithelial erosions, staining with 
fluorescein, appeared between the eighth and 
10th days after onset. At this time, the pa- 
tient usually complained of increasing photo- 
phobia. Some patients dated the onset of 


their disease from the time of onset of the — 


keratitis, dismissing the initial tearing and 
redness as being negligible. Forty-eight to 
72 hours after the onset of the staining areas, 
nebulous infiltrates could be detected in the 


stroma deep to the erosions. These infiltrates 
increased in density over the next few weeks 
while the erosions disappeared. In about 50 
percent of the opacity cases, where epithelial 
erosions were numerous, the stromal reaction 
was severe, and there was diffuse stromal 
edema with reduction of vision to 20/40ths 
or 20/60ths. This stromal edema never per- 
sisted for more than three weeks. The opaci- 
ties in two instances were initially confused 
with those of epidemic keratoconjunctivitis, 
but in one of these they had resolved by the 
end of four months, and in the other in six 


months. 


DISCUSSION 


No particular significance is attached to 
the fact that most of our patients from whom 
type 3 adenovirus was isolated were adults 
(21 out of 24) or that most of the type 7 
patients were children (11 out of 15). In 
the epidemic due to type 7 adenovirus many 
children were admitted to hospital and were 
available for study. Histories taken on in- 
dividual cases in both type 3 and type 7 
infections showed that the disease was trans- 
mitted readily in the home, both to the adults 
and to children. The high percentage of 
corneal opacities in adults seen by us (50 
percent) is probably due to the fact that 
only those adults with relatively severe 
symptoms sought medical advice, and came 
to us in most instances by referral from 
public clinics and private offices. 

Our experiences with adenovirus infec- 
tions are similar to those of others reported 
in the past few years from other sections 
of the continent. Epidemics of eye virus in- 
fection of this type were unknown or pre- 
viously unreported in Canada. They do re- 
semble, however, the reports on Béal’s con- 
junctivitis which has been seen sporadically 
in the United States and in epidemic form 
in Europe during the past century. The high 
incidence of the disease during the summer 
months is probably related to swimming pool 
transmission which has been previously 
noted in both the Greeley epidemics in Colo- 
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rado in 1951° and in the Baltimore and 
Washington epidemics in 1954.’ 

The occurrence of corneal opacities in 
both type 3 and type 7 adenovirus infections 
is of major interest to ophthalmologists. 
Visual impairment in an eye, lasting up to 
three months, had not been reported in the 
literature in connection with types 3 and 7 


adenovirus infections until the publication 


of these studies.* Further investigations of 


a similar nature will be necessary to deter- 
mine if other types of adenoviruses, other 
than types 3, 7, and 8 can also affect the 
cornea. 

The isolation of type 9 adenovirus from 
the eye of a patient with follicular conjunc- 
tivitis has not previously been reported in 
the literature. 


Banting Institute ( 5 S 
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ADENOVIRUSES AS ETIOLOGIC AGENTS IN CONJUNCTIVITIS 
AND KERATOCONJUNCTIVITIS* 


Ropert J. HuesNer, M.D., anpD WALLAcE P. Rowe, M.D. 
Bethesda, Maryland 


The adenoviruses comprise a family of 
prevalent agents which occur chiefly in man 
and some of the higher primates.*~* In man, 
they produce catarrhal inflammation of the 
mucous membranes of the respiratory and 
ocular systems, accompanied by follicular en- 
largement of the submucous lymphoid tissues 
and regional lymph nodes. There are at least 
18 serologically distinct human serotypes, 
17 having so far been given numbered desig- 
nations. The adenoviruses have similar phy- 
sical, chemical, and biologic properties and 


* From the Department of Health, Education, and 
Welfare, U.S. Public Health Service, National In- 
stitutes of Health, National Institute of Allergy and 
Infectious Diseases, Laboratory of Infectious Dis- 
eases, 


share a common soluble complement-fixing 
antigen. The virus particles, as measured in 
tissue culture fluids, apparently measure 80 
to 120 mmy in diameter, whereas the par- 
ticles observed intracellularly in the nuclei, 
as crystal-like patterns, measure from 50 to 
65 mmy. The viruses are ether resistant, 
highly stable, and, to the extent to which 
they have been tested in laboratory animals, 
fail to produce disease in such hosts. In tis- 
sue culture, the human agents prefer to grow 
in epithelial cells, particularly those from 
the human species. They also grow in human 
fibroblasts, but at much slower rates; they | 
have been adapted to grow in other tissues 
such as monkey-kidney tissue cultures. The 
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adenoviruses contain, for the most part, 


potent antigens which, following an infection. 
or their use as vaccines, result in satisfactory 


complement-fixing, neutralizing, and protec- 
tive antibodies. $ 

The inclusion of a newly recognized virus 
type within the adenovirus group is depend- 
ent primarily on the demonstration of the 
common group complement-fixing antigen 
and the biologic attributes characteristic of 
the prototypes now recognized. 

Adenoviruses represent some of the most 
common and widespread of human viral 
parasites. Although studied most extensively 
in North America, the agents have been 
demonstrated wherever looked for in vari- 
ous parts of ‘Western Europe, Russia, 
Czechoslovakia, Arabia, and Japan. Com- 
plement-fixing antibodies to this group of 
viruses are prevalent in surveys not only 
in the human species, but also in chimpan- 
zees, monkeys, and guinea pigs. However, 
the high prevalence of many of these agents 
in man is more accurately reflected in sur- 
veys for specific neutralizing antibodies to 
different serotypes in human serums. 


IMPORTANCE OF ADENOVIRUSES 
IN PRODUCING HUMAN DISEASE 


Present evidence has established type 3 as 
a cause of pharyngoconjunctival fever, as 
well as of acute respiratory disease, febrile 
pharyngitis, and a certain proportion of sim- 
ple follicular conjunctivitis. Although more 


evidence is required, present data are suffi-. 


cient to suggest that types 1; 2, 5, and per- 
haps others, are also responsible for common 
febrile pharyngitis in general population 
groups, particularly in young children. 

It is apparent from the literature that the 
lion’s share of attention has been given to 
the role of adenoviruses in respiratory ill- 
ness. Types 3, 4, and 7, causing acute re- 
spiratory disease in military recruits, have 
received widespread attention as a military 
and public health problem. Indeed, vaccines 
have already been developed and have been 
shown to be sufficiently effective so that it is 


now possible to predict that commercially 
produced vaccines will soon be in general use 
in those population groups known to suffer 
high rates of respiratory disease due to these 
agents. But it is obvious that the respiratory 
diseases known to be caused by several of 
these viruses as they occur in military re- 
cruits, a captive population easily observed, 
represent only a small if concentrated pro- 
portion of actual human experiences with 
these agents. 3 

Serologic surveys and surveys for masked 


agents in adenoids and tonsils show that the 


majority of children have been infected with 
at least two adenovirus types (usually types 
1 and 2) prior to entering grade school. Anti- 
bodies versus types 3, 4, 5, and 7 are found 
to occur in the majority of adult serums. 
On the other hand, antibodies to types 8, 9, 
and 10, and to the chimpanzee and some of 
the monkey strains, are comparatively rare 
in contemporary and limited surveys of hu- 
man serum specimens. | 


. IMPORTANCE AND OCCURRENCE OF 
ADENOVIRUSES IN CONJUNCTIVITIS 
AND KERATOCONJUNCTIVITIS 


Despite the attention given to adenoviruses 
as a cause of respiratory disease, their role in 
the etiology of ocular diseases may well turn 
out .to be equally if not more important. Cer- 
tainly, the recent observations reported in 
this symposium guarantee that their occur- 
rence in ocular diseases will be at least 
equally interesting. | 

The events which first suggested that 
adenoviruses (initially called AD agents, and 
later referred to as RI, APC, and ARD 
viruses) cause conjunctival disease were ac- 
cidental infections with type 3 in laboratory 
and clinical investigators at the National In- 
stitutes of Health, three of whom developed 
unilateral catarrhal and follicular conjunc- 
tivitis during the autumn of 1953. Alerted, 
as a consequence, to look for an illness with 
conjunctivitis, we observed several outbreaks 


due to adenovirus type 3 in the succeeding 


several months. 
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The first outbreak, studied in detail and 
reported by Dr. Robert Parrott of the Na- 
tional Institutes of Health, involved patients, 
nurses, and physicians on the Infectious Dis- 
ease Service of the NIH Clinical Center.® 
Shortly after this, an extensive outbreak, 
described in more detail in this symposium 
by our associate, Dr. Joseph Bell, occurred 
in a Summer day-camp in northern Virginia.® 

A triad of major clinical manifestations, 
namely, fever, pharyngitis, and conjunctivi- 
tis, led to the suggestion that this highly spe- 
cific and distinct clinical entity be named 
pharyngoconjunctival fever. It now appears, 
from a review of the literature, that this dis- 
ease was recognized as a distinct entity on a 
number of occasions previously, perhaps 
first by Béal.’ It is quite apparent, from Dr. 
Tanaka’s translations of the Japanese litera- 
ture,* that an illness similar to pharyngo- 
conjunctival fever was recognized as prev- 
alent in Japanese infants before 1944. This 
so-called “pseudomembranous conjunctivi- 
tis” with systemic symptoms was believed to 
be a childhood manifestation of epidemic 
keratoconjunctivitis. It seems likely that the 
transmission by Japanese workers of what 
was thought to be the keratoconjunctivitis 
virus, to human volunteers, actually repre- 
sented, in some instances at least, a transmis- 
sion of viruses capable of causing chiefly 
pharyngoconjunctival fever. 

It is also very likely that certain iTinesses 
described by Derrick in 1943 as “swimming 
bath” conjunctivitis,® and an extensive Colo- 
rado outbreak of illness studied in 1951 by 
Cockburn,*®** which he called “Greeley dis- 
ease,” represented adenovirus infections. 

It is too early, of course, to assess the 


total significance of the adenoviruses in ocu-— 


lar disease. However, reports on the associa- 
tion of local adenovirus infections with con- 
junctival and corneal lesions reveal highly 
convincing evidence of the etiologic roles of 
certain serotypes in pharyngoconjunctival 
fever and epidemic keratoconjunctivitis. On 
the basis of published work, we conclude that 
serotype 3 is a well-established cause of 


pharyngoconjunctival fever. Evidence of 
high order indicates that type 7, or sero- 
logic variants thereof, also cause pharyngo- 
conjunctival fever,’* even in military re- 
cruits,"* and type 8 represents at least one 
of the causes of epidemic keratoconjunctivi- 
tis.1#15 Evidence from several reports indi- 
cates that serotype 3, and perhaps also 7, 
may, on occasion, produce corneal lesions 
not altogether dissimilar to those described 
in epidemic keratoconjunctivitis.*® 

In their papers given at this symposium, 
Dr. Ormsby and Dr. Chang mention type 7 
in relation to ocular illness. Their agents, 
when compared in our laboratory to the pro- 
totype 7 virus and to a more recently iso- 


‘lated variant which we have tentatively des- 


ignated 7-prime,** show closer relationships 


to the latter. 


Table 1 illustrates the immunologic rela- 
tionships and differences between type 7 
(Gomen) and type 7-prime (S-1058). The 
Gomen strain was isolated in California by 
Berge*’ from a military recruit with pharyn- 
gitis and fever; S-1058 by Shelokov from a 
Washington, D.C., child. In addition to the 
strains of 7-prime from the United States 
(Shelokov), Canada (Ormsby), and from 
Saudi-Arabia (Chang), we have received 
strains from France and England. The latter 
came from Dr. Pereira and Dr. Tyrrell who 
recovered them from children ill with pha- 
ryngoconjunctival fever in Salisbury and 
Sheffield, respectively. None of our corrre- 
spondents comments on the occurrence of 
keratitis. 

In this connection, it is interesting to note 
that Hillerman et al., paired human 


TABLE 1 


REPRESENTATIVE CROSS NEUTRALIZATION TEST 
BETWEEN GOMEN (PROTOTYPE 7) AND 
S-1058 (TYPE 7-PRIME) 


Antiserum (rabbit) Gomen 
Gomen 160 
S-1058 320 1280 
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serums, reported evidence of immunologic 
heterogeneity among strains related to type 
718 

The principal differences, therefore, be- 
tween the effects of type 3 and 7 on the one 
hand, and type 8 on the other, would be the 
tendency for types 3 and 7 to produce sys- 
temic illnesses, with corneal lesions occurring 
as occasional complications, and the tendency 
on the part of type 8 not to produce much 
in the way of systemic illness, but regularly 
to involve the cornea. The age distribution 
of the natural occurrence of these different 
serotypes as well as of the two clinically 
different illnesses, is also worthy of further 
study. 

There is evidence suggesting that other 
‘serotypes are also important in ocular ill- 
ness; however, it is considerably less than 
that which exists for types 3, 7, and 8. 
Part of this evidence derives from observa- 
tions of naturally occurring illness and part 
from volunteer studies. 

Table 2 briefly tabulates present informa- 
tion available to us on the occurrence of 
adenovirus types 1, 4, 5, 6, and 10 in cases 
of naturally occurring illness characterized 
by conjunctivitis. Obviously, more informa- 
tion must be acquired concerning these types 
before they can be regarded as definite etio- 
logic agents of ocular illness. 


TABLE 2 


ADENOVIRUSES TYPED AT NATIONAL INSTITUTES 
OF HEALTH 


(Isolated from cases with conjunctivitis 
fother than Types 3, 7, and 8 


ype 
1—Three isolations from family outbreaks of fever, 
haryngitis, and conjunctivitis—Washington, 

D. C.!9 One isolation by Dr. Fukumi from child 
with pharyngoconjunctival fever in Japan.” 

4—One isolation from a case of iri ad conjunc- 
tivitis in laboratory worker (RJH 

5—One isolation by Dr. Fukumi ie a three year- 
old ‘child with fever 

6—Two isolations reported by Jawetz.** The 


Washington, D. C., ‘case (a physician) had fol- - 


licular. conjunctivitis; 3 other members of family 
had pharyngoconjunctival fever. 
10—Prototype jones) from a case of simple fol- 
licular conjunctivitis. Also isolated from a child 
with conjunctivitis during attack of measles. 


VOLUNTEER STUDIES 


Rather extensive studies on the effects of 
adenoviruses in volunteers have been car- 
ried out by our group in collaboration with 
Dr. Thomas Ward of The Johns Hopkins 
School of Hygiene and Public Health, and 
most of these experiences have been reported 
in detail.?*** Therefore, we will touch only 
on certain highlights having to do with ocu- 
lar disease. 

From our early studies, it appeared vir- 
tually impossible to produce objectively 
measurable clinical illness in volunteers by 
inoculating the adenoviruses into the nose 
or the throat. On the other hand, the same 
virus materials which failed to produce dis- 
ease when inoculated into nose and throat, 
produced definite, clear-cut, objective ill- 
nesses when swabbed on the conjunctiva. 
Thus, when type 3 and, surprisingly enough, 


types 1, 4, 5, and 7 adenovirus were swabbed 


on the conjunctiva, after an incubation of 
48 to 72 hours, the succeeding events closely 
paralleled those of naturally occurring pha- 
ryngoconjunctival fever. 

The conjunctival mode of inoculation 
made it possible to reproduce regularly a 
characteristic, easily recognized clinical syn- 
drome in more than 90 percent of suscep- 
tible volunteers. An experimental monova- — 


lent type 3 vaccine, inactivated by formalin, 


was then tested in volunteers. Seventy per- 
cent of the volunteers, when challenged three 
weeks later, appeared protected to an extent 
equivalent to that provided other volunteers 
by naturally acquired antibodies.** 


POSSIBLE IMPORTANCE OF IRRITATION IN 
THE CLINICAL MANIFESTATIONS OF 
ADENOVIRUS INFECTION 

It has been known for a number of years 
that keratoconjunctivitis very often followed 


_ exposure to some factor capable of causing 


irritation of the cornea. Thus epidemic kera- 
toconjunctivitis was particularly prevalent 
during World War II in are welders em- 
ployed in the ship-building industry, and, 
subsequently, in other industrial workers ex- 
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periencing high rates of ocular foreign 
bodies. Some of the more recent outbreaks 
have been traced to tonometers used in oph- 
thalmologic work.”? 

The literature on pharyngoconjunctival 
fever, including Derrick’s observation of 
“swimming-bath” conjunctivitis in Brisbane, 
Cockburn’s Greeley outbreak, and our own 
outbreak in northern Virginia, as well as 
subsequent outbreaks, all indicate that swim- 
ming is an important accessory factor either 
in dissemination of virus or in the genesis 
of clinical manifestations, or both. 

Reasoning by analogy from our volunteer 
study experiences, we are inclined to think 
that the irritation of the conjunctiva pro- 
duced by chlorine or more likely by water 
alone, followed by rubbing, would be suff- 
cient to account for the apparent potentiat- 
ing effect. An experience by one of the au- 
thors may be worth relating. 

He became infected during the autumns 
of two successive years, 1953 and 1954, with 
types 3 and 4 adenoviruses, respectively. The 
illnesses occurred under almost precisely the 
same circumstances. The onset, in each in- 
stance, occurred several days after the corn- 
picking season had opened, and were first 
noticed as a “foreign body sensation in the 
right eye” while picking corn on his farm. 
The sensation in itself was not unexpected, 
since he and several of his children have a 
mild .hypersensitivity to corn pollen. How- 
ever, it turned out, in each instance, that this 
rather more severe foreign body sensation 
represented the onset of acute follicular con- 
junctivitis which lasted more than a week, 
in both instances due to adenovirus infection. 
The infections were characterized by a uni- 
lateral sore throat with virtually no fever. 
The conjunctivitis eventually spread to the 
other eye, but was less severe. 


The factor of irritation was subsequently 


specifically tested directly in volunteers.?* 
Of nine susceptible volunteers swabbed on 
the conjunctiva with type 3 virus, each de- 
veloped typical pharyngoconjunctival fever. 
The same virus, given in somewhat larger 
quantities, but merely dropped on the con- 


junctiva of 10 other susceptible volunteers, 
resulted in only two definite and one ques- 
tionable cases of pharyngoconjunctival fever. 
This was a double-blind experiment in which 
one eye in every person was swabbed with 
either virus or control material, and the other 
eye received drops of one or the other, and 
the throat was also swabbed with control ma- 
terial. Furthermore, when materials such as 
tissue culture fluids were dropped in the eyes 
of volunteers, it was somewhat difficult to 
keep the volunteer from subsequently rub- 
bing his eyes, and it is possible that the per- 
sons who did develop infection with virus 
which was dropped in the eye may have, 
in a sense, provided their own swabbing 
effect. 


LATENCY OR CHRONICITY OF ADENOVIRUS 
INFECTION 


Any discussion of adenoviruses in the pro- 
duction of human disease would be incom- 
plete without calling attention to the tend- 
ency of certain of these agents to persist in 
the involved tissues. As high as 90 percent 
of adenoid and tonsil tissues were shown 
by our group and others to harbor adeno- 
viruses of one type or another, most often 
type 1, and next most often type 2. Acute 
infections with these serotypes are most 
prevalent in childhood, yet, when looked for 
in adenoids of older persons, they are found 
as frequently as in children. 

It will be of interest to determine in fu- 
ture studies whether or not adenoviruses, 


like herpes virus and certain other latent 


virus infections, can cause recrudescent ill- 
nesses. Their possible role in recurrent naso- 
pharyngitis, more commonly called “colds,” 
in chronic follicular pharyngitis, tonsillitis, 
and conjunctivitis, and in recurrent punctate 
keratitis should be seriously considered. Un- 
fortunately, in limited experiments to date, 
rises in antibody levels were not demon- 
strated, and isolations could not be made 
with regularity from such illnesses. How- 
ever, by analogy with recurrent herpes la- 
bialis, specific antibody responses would not 
be expected to occur, and antibodies in the 
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nasal secretions might prevent recovery of 
the virus, | 
SUMMARY 

Certain adenoviruses, namely types 3, 7- 
prime, and 8, are well established as causes 
of ocular disease ; types 3 and 7-prime cause 
chiefly acyte follicular conjunctivitis with 
systemic symptoms and infrequently with 


corneal opacities, whereas type 8 causes epi- 


demic kerafoconjunctivitis, with frequent 
opacities and rarely with systemic symptoms. 
Other serotypes have been recovered from 
occasional cases of conjunctivitis and have 
produced conjunctivitis in volunteers. Con- 
junctival irritation appears to play a role in 
establishment of infection. | 


National Institutes of Health (14). 
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STUDIES ON ADENOVIRUS INFECTIONS OF THE EYE IN TORONTO? : 
A. J. Beate, M.D.,* Frances Doane, B.Sc., anp H. L. Ormspy, M.D. 


Toronto, Ontario 


The APC-RI or adenovirus group were 
first isolated by Rowe et al.*® from surgi- 
cally removed adenoids. Hilleman and Wer- 
ner’ independently isolated another member 
of the group from cases of respiratory dis- 
ease in military recruits. Since that time 
many new members of the group have been 
isolated, and evidence of widespread infec- 
tion of human beings in the United States, 
Canada, England, Scandinavia, and Europe 
has been obtained. Although adenoviruses 
share a small particle size complement fixing 
antigen, they can be separated on the basis 
of virus neutralization tests into at least 14 
distinct serologic types.*® 

The exact role of these viruses in human 
disease remains to be determined, but an 


impressive amount of work has been done 


in the short period since their discovery. 
There is now strong evidence that Types 4 
and 7 acute respiratory disease (ARD) in 
military recruits.* Types 3 and 4 have been 


At the Hospital for Sick Children, To- 
ronto, we have been able to study three 
groups of cases during the past year: 

1. An epidemic of pharyngoconjunctival 
fever already described by Ormsby and 
Aitchison.*® 

2. Cases of conjunctivitis referred to one 
of us (H. L. O.) from Toronto eye clinics. 

3. Cases of conjunctivitis in children ad- 
mitted to The Hospital for Sick Children. 

Experience gained in the investigation of 
these cases forms the basis of the present 
report. 

| METHODS 


_ Specimens of eye secretion for virus iso- 


implicated in pharyngoconjunctival fever, a 


disease characterized by fever, sore throat, 
and conjunctivitis.? It is of particular in- 
terest that transmission of this disease to 
human volunteers has been achieved with 
types 3 and 4 virus when the conjunctival 
sac was inoculated, but not following nasal 
instillation.*” It is possible that the conjunc- 
tiva may be a portal of entry for other mem- 
bers of the group as suggested by Jawetz.® 
Types 1, 2, 3, 4, 5, 6, 7, 8, and 10 have all 
been isolated from the conjunctival secre- 
tions,’* but more work is required to estab- 
lish their etiologic role. 


*From The Department of Ophthalmology, Uni- 
-versity of Toronto, and The Research Institute of 
The Hospital for Sick Children. Assisted with funds 
allocated by the Province of Ontario under the Na- 
tional Health Grant Programme of the Department 
of Health and Welfare, Ottawa, Canada. 

* Present address: c/o Public Health Laboratory 
Service, 38 Old Queen Street, Westminster, London, 
S.W. 1, England. 
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lation were stored at —20°C. until inocu- 


lated into tissue cultures. Penicillin, 500 mls., 


_and streptomycin, 250 pg./ml., were added. 


HeLa cells were grown in 20 percent hu- 
man serum in yeast-extract medium.” Be- 
fore use they were washed three times with 
Hanks’ balanced salt solution, and mainte- 
nance fluid, consistirig of 10-percent rabbit 
serum inactivated at 56°C. for half an hour 
in Medium 199° was added. 

The method of preparation of human 
amnion cells is presented in detail because 
little has been written about the method since 
the original description of Zitcer et al.'* 
The method is based, in part, on the experi- 
ence of workers in Boston (Enders, personal 
communication ). | 

Placentas and membranes are collected 
into a two liter sterile beaker containing 
about 300 ml. of phosphate buffered saline.* 
Material from Caesarian sections or normal 
deliveries can be used, but care must be taken 
to avoid contamination with antiseptics, so 
the placenta is taken directly from the pa- 
tient into the beaker. In the laboratory the 
amnion is dissected free with forceps in a 
“sterile” cabinet. This is facilitated by sus- 
pending the placenta from the cord. 

The pieces of membrane are collected in a 
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large petri dish containing Hanks’ balanced 
salt solution, and are then spread out with 
forceps. After washing, the amnion is cut 
into pieces about two inches square and ac- 
cumulated in a beaker containing 0.25 per- 
cent trypsin in Hanks’ balanced salt solution 
adjusted to pH 7.8. The trypsin and pieces 
of amnion are then transferred to the con- 
tinuous trypsinizing apparatus described by 
Rappaport."' Mixing is achieved with a mag- 
netic stirrer. 

After a preliminary period of 45 minutes, 
trypsin is allowed to drop in from a reser- 
voir at 37°C.; cells run out into a flask kept 
in an iced water bath. Trypsin is allowed 
to run in dropwise so that a liter is used 


in about three to four hours. When all the 


trypsin has run through, the cell suspension 
is filtered through gauze into 250 ml. cen- 
trifuge cups and is centrifuged at 800 rpm 
for 20 minutes. | 

The cells are resuspended into Hanks’ bal- 
anced salt solution using a syringe and 18- 
gauge needle to disperse the cells. They are 
then centrifuged at 800 rpm for five minutes 
in a graduated centrifuge tube. The super- 
natant fluid is discarded, and the cell sus- 
pension is diluted in growth medium con- 
sisting of Hanks’ balanced salt solution and 
0.5-percent lactalbumen with the addition of 
20-percent human, horse, or ox serum. The 
cells are enumerated in a hemocytometer 
after staining with 0.1-percent crystal violet 
in 0.1M citric acid. Cells are diluted in 
growth medium to contain 3 by 10° cells per 
ml., or approximately 1:250 of the packed 
cell volume. 

A quantity of 1.0 ml. is dispensed into 
- tubes which are incubated in a stationary 
rack at 37°C. in a nearly horizontal position. 
Sheets of cells grow out in about seven days. 
Before use the cells are washed by the re- 
moval of the nutrient fluid and the addition 
of 1.5 ml. of Hanks’ balanced salt solution. 

This procedure is repeated three times and 
finally cells are maintained in Earle’s bal- 
anced salt solution with 0.5-percent lactalbu- 
men and 0.1-percent yeast extract and 5.0- 


percent horse serum. For short-term experi- 
ments the horse serum may be omitted. This 
method has proved generally satisfactory, 
but occasionally cells have failed to grow 
for no apparent reason. 

Strains were typed using antisera against 
the prototype adenovirus strains, provided 
by Dr. R. J. Huebner. The method of prep- 
aration of antisera and of typing strains was 


that described by Rowe et al.** Fixation of 


coverslip cultures and staining with hema- 
toxylin and eosin was by the technique de- 
scribed by Doane et al.* 


RECOGNITION OF VIRUS 


The changes produced by adenoviruses in 
HeLa or human amnion cells may be recog- 
nized with a fair degree of confidence in wet 
preparations under the lower powers of the 
microscope. Cytopathogenic changes, gener- 
ally seen first at the edge of the culture, con- 
sist in the cells becoming distinctly outlined 
and containing a “core” of granulation. In 
the final stages the cells are rounded and 
clumped together, and eventually fall off the 
glass surface. During growth in HeLa cells 
the pH of the fluid tends to become quite 
acid. These changes can be distinguished, 
with experience, from those caused by polio- 
myelitis, Coxsackie B, vaccinia, herpes sim- 
plex, and some “orphan” viruses. 

The changes may be examined in more de- 
tail by the use of cells grown on coverslips, 
which can be removed, fixed, and stained. 
This method has much to commend it, and 
in our hands has afforded a rapid means of 
identifying herpes simplex virus, for exam- 
ple.** 

Stained preparations of HeLa cells which 
have been inoculated with large amounts of 
adenovirus type 3 virus show nuclear inclu- 
sions which appear to have a similar con- 
sistency to the nucleus, but are more eosin- 
ophilic. Frequently, a pale area is seen be- 
tween the large inclusion and the densely 
outlined nuclear membrane. The nucleoli are 
still present at this stage. 

As degeneration proceeds, the nuclei be- 
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come more pyknotic and the cells clump to- 
gether. The appearances of normal HeLa 
cells and cells infected with adenovirus type 
3 are shown in Figures 1 to 3. Somewhat 
similar changes are seen in human amnion 
cells. The appearances of normal cells are 
shown in Figure 4 and after infection with 
adenovirus type 3 in Figure 5. The intra- 
nuclear inclusions are well seen. 

The definitive method for the recognition 
of a member of the APC group is the dem- 
onstration of specific complement fixation 
with known positive antisera.’® It is impor- 
tant for this purpose to employ several hu- 
man sera known to be positive for adeno- 
virus infection in order to avoid nonspecific 
reactions. 


ISOLATION OF VIRUS 


Material from 55 patients has been ex- 
amined by the inoculation of HeLa cell cul- 
tures. It can be seen from Table 1 that a 


Fig. 1 (Beale, Doane, and Ormsby). Normal HeLa 
cells. Hematoxylin-eosin, 500. 


Fig. 2 (Beale, Doane, and Ormsby). HeLa cells 
17 hours after infection with adenovirus type 3. 
Hematoxylin-eosin, 500. 


total of 31 isolations were made from con- 
junctival secretions. In addition one case 
yielded virus from the throat but not from 
the conjunctival secretions, making a total 
of 32 isolations. The highest rate of virus 
isolation was from hospitalized children, 
eight out of 11 of whom yielded virus. 

These results would appear to show a sat- 
isfactory rate of virus isolation from cases 
of possible adenovirus infection. In fact, 
however, considerable trouble has been ex- 
perienced in virus isolation tests, for these 
viruses are often slow in producing degen- 
erative changes. Great care in the control of 
the pH of the cultures and frequent changes 
of nutrient fluid are required to maintain 
HeLa cells in a healthy condition for long 
periods. 

As has been pointed out by Ginsberg,® 
adenoviruses are slowly absorbed to and re- 
leased from HeLa cells, and this probably 
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Fig. 3 (Beale, Doane, and Ormsby). HeLa cells 
25 hours after infection with adenovirus type 3. 
Hematoxylin-eosin, 500. 


explains the marked delay in the onset of 
visible cytopathogenic changes that is noted 
when small amounts of virus are inoculated. 

If a subculture is made when the quality 
of the HeLa cells is too bad to allow changes 
to be certainly identified, the number of iso- 


lations is greatly increased. Seven of the 32. 


isolations were achieved by such a subcul- 
ture. The rapidity with which virus action 
became apparent on the second passage in- 
dicated that virus had multiplied in the cells 
during the first passage. Intracellular virus 
was probably released during the freezing 
and thawing resulting from storage prior to 
subculture. 

Recently we have used human amnion tis- 
sue in our laboratory, and it appears to be 
superior to HeLa cells. Thus, in compara- 
tive tests using HeLa and human amnion 


cells for primary isolation, changes have 
appeared earlier and have been more easily 
detectable in human amnion cultures. The 
time taken for the appearance of cytopatho- 
genic changes in parallel isolations on seven 
patients is shown in Table 2. It will be seen 
that with five patients changes appeared 
earlier in- amnion cells. One patient, 29, 
failed to yield a virus in HeLa cells, but 
since the virus had been isolated in these 
cells six months earlier, it would probably 
have been evident on subculture. The most 
striking improvement is in the quality of 
cells over long periods of maintenance, 
rather than any great increase in sensitivity. 
This allows minimal cytopathogenic changes 
to be recognized with confidence, even when 
cultures have been maintained without fluid 
change for as long as one month. 


TYPING OF STRAINS 


At least 14 distinct types of adenovirus 


Fig. 4 (Beale, Doane, and Ormsby). Normal human 
amnion cells. Hematoxylin-eosin, 500. 


ae 
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Fig. 5 (Beale, Doane, and Ormsby). Human 
amnion cells infected with adenovirus type 3. 
Hematoxylin-eosin, 500. 


are now recognized, and it is likely that ad- 
ditional types will be identified. The task of 
keeping on hand antisera to all the serotypes 
is beyond the capacity of all but specialist 
laboratories. Fortunately, for most purposes 
the complement fixation test with the group 
antigen is adequate. Typing is required, how- 


ever, in epidemiologic studies, and when at- 


TABLE 1 


ADENOVIRUS INFECTIONS OF THE EYE, 
Toronto 1955 
VIRUS ISOLATIONS IN HELA CELLS 


Number! Virus 
Category of Case Tested | Isolated 
Epidemic of pharyngoconjunc- 
tival fever 4* 
Toronto Eye Clinics 36 20 
Hospital for Sick Children cases 11 8 
Total 55 32 


* Includes one case yielding virus only from the 
throat. 


TABLE 2 


ADENOVIRUS INFECTIONS OF THE EYE, 
Toronto, 1955 
ISOLATION OF VIRUS IN HELA AND 
AMNION CELLS 


Days Required to Produce 
Infection 
HeLa Amnion 

9 8 7 
27 7 7 
29 —* 7 
46 8 7 
50 7 7 
58 il 8 
67 11 8 


* Virus isolated in HeLa cells six months earlier. 


tempting to associate particular clinical en- 
tities with particular serotypes. Present evi- 
dence indicates that several serotypes may be 
associated with the same clinical entity. Typ- 
ing is likely to be of greatest value in trac- 
ing the spread of epidemics, and such work 
might be profitably concentrated in a few 
centralized laboratories. 

The results of typing the 32 agents iso- 
lated in Toronto are presented in Table 3. 
It will be seen that all the strains isolated 
from the epidemic of pharyngoconjunctival 
fever described by Ormsby and Aitchison’® 
were type 7. This presumably means that this 
type, in addition to types 3 and 4, may cause 
this syndrome. Fifteen type 3 and 11 type 7 
strains were isolated from the adults and 
children with conjunctivitis. In addition one 
patient yielded type 2 virus and one type 9 


TABLE 3 


ADENOVIRUS INFECTIONS OF THE EYE, 
Toronto 1955 
ANTIGENIC TYPES OF VIRUS ISOLATED 


Number 


Category of Case Tested 


Type 


Epidemic of pharyn- 4 4 Type 7 


gojunctival fever 


Toronto Eye Clinics 20 1 Type 2; 12 Type 
a: Tyee: 7: 


Type 9 


Hospital for Sick 8 


3 Type 3; 5 Ty 
Children cases 7 “és 
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virus. Some patients infected with either 
type 3 or type 7 virus showed corneal opaci- 
ties when examined with a slitlamp. 

Many of the type 7 strains have shown 
partial neutralization with type 3 antiserum 
also. This suggests that the two types may 
be more closely related to each other than 
to the other members of the group. 


SUMMARY AND CONCLUSIONS 


The adenoviruses are an important new 
group of agents. Our results show that hu- 
man amnion cells may be superior to HeLa 
cells for the study of these viruses. 

Adenoviruses have been implicated in at 
least three forms of conjunctivitis: (1) 


-Pharyngoconjunctival fever; (2) acute fol- 
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licular conjunctivitis; (3) epidemic kerato- 
conjunctivitis. Their exact role in these dis- 
eases and the relationship of particular sero- 
types to specific clinical states require more 
study. Type 7 virus has been isolated from 
patients in an epidemic of pharyngoconjunc- 
tival fever associated with swimming pools 
in Toronto. Types.2, 3, 7, and 9 virus were 
isolated from cases of conjunctivitis in adults 
and children. 
Banting Institute (5). 


Our thanks are due to numerous Toronto phy- 
sicians who have referred cases to us. Special thanks 
are due to Dr. R. J. Huebner, who not only pro- 
vided us. with the protype strains of adenovirus, but 
also allowed one of us (F. D.) to observe the meth- 
ods used in his laboratory. We are also indebted to 
Dr. A. J. Rhodes for his constant advice and en- 
courragement.. 
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AGENTS RECOVERED FROM ACUTE CONJUNCTIVITIS 
CASES IN SAUDI-ARABIA* 


E. S. Murray, M.D., R. S. Coane, M.D., S. D. Bett, M.D., 
M. L. Tarizzo, M.D., anp J. C. Snyper, M.D. 


Boston, Massachusetts 


ABSTRACT 


Epidemiologic studies of trachoma in vil- 
lages of eastern Saudi-Arabia were initiated 
_ during the year. Approximately 1,500 people 
in 19 different places have been examined. 
Specimens were obtained from the eyes of 
approximately 1,000 persons for microscopic 
study. Most of those examined were under 
15 years of age. Findings consistent with 
trachoma were obtained in more than 90 
percent of the subjects of school age or older. 
Inclusions were observed in about 15 per- 
cent. 

Intensive efforts were made to isolate 
agents from conjunctival scrapings of pa- 
tients believed to have early trachoma. Hu- 
man conjunctival cells in tissue culture were 
used for most of the trials, but other cell 
lines were tested in a few instances. The 


experiments were greatly complicated by the 


unsuspected presence of a minute coccobac- 
illary contaminant in certain components of 
the culture media. 


Between July, 1955, and March, 1956, ap- 


* From the Harvard University School of Public 


Health. 


proximately 600 conjunctival scrapings were 
obtained from Saudi-Arabia. Of these, near- 
ly 200 have now been tested, yielding 13 
viruses, at present tentatively classified as 
follows: One Coxsackie virus, Group B-1; 
12 viruses of the adenovirus group (APC). 
Of the 12 adenoviruses, one strain has not 
been screened but probably is one of the very 
common, widely distributed viruses. The re- 
maining 11 have been screened with the co- 
operation of Dr. Huebner: one each of types 
3, 7, and 8 are now recognized, and seven. 
of the eight viruses which do not correspond 
to any known type have been shown to fall 
into four immunologic groups. The etiologic 
relationship of the untyped agents to clinical 
trachoma is not clear as yet. Serologic evi- 
dence and probably also tests in man will be 
necessary to evaluate these viruses; inclu- 
sions have not been found in cells attacked 
by these agents in vitro. ; 
Scrapings from trachomatous eyes were 
inoculated into a baby chimpanzee on two 


different occasions but no clinical manifesta- 


tions developed. 
One Shattuck Street (15). 


ADENOVIRUSES FROM CANADIAN CASES OF 
KERATOCONJUNCTIVITIS* 


ANN M. Fowte, Pu.D., Vio_et Stmmens, AND H. L. Ormssy, M.D. 
Toronto, Ontario 


The isolation of four strains of adeno- 


virus type 3 from patients with keratocon- — 


junctivitis has already been reported from 
this laboratory (Fowle, Cockeram, and 
Ormsby, 1955*). Although these strains be- 
longed to a single type antigenically, the 


*From the Departments of Ophthalmology and 
Bacteriology, Faculty of Medicine, University of 
Toronto. 


corneal involvement varied from transient 
nebulous epithelial opacities to fairly marked | 
disclike opacities similar to those seen in 
epidemic keratoconjunctivitis (EKC). In 
this study, a further comparison was made 
of these strains of virus by means of cross 
neutralization tests using hyperimmune rab- 
bit sera. The results, however, showed that 
there was not an antigenic difference be- 


i 
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tween any two of the strains of 50 percent 
or greater, a difference which has been con- 


sidered to be significant ( Archetti and Hors-. 


fall, 1951"). The data rather suggest a very 
close similarity despite the clinical variation. 


MATERIALS AND METHODS 

CORNEAL INVOLVEMENT : 

Although the case histories of the patients 
have been described elsewhere (Fowle, 
Cockeram, and Ormsby, 1955) they will be 
briefly summarized here since a description 
of each patient reveals the variation in cor- 
neal manifestations: 


1. Patient I. A., aged 23 years,, developed. 


a sore right eye nine days after swimming 
in a swimming pool. There was moderate 
follicular formation, preauricular adenop- 
athy, and some velvety pseudomembranes 
over the palpebral conjunctiva in both upper 
and lower lids. On the fifth day after onset, 
two small punctate staining areas were seen 
in the epithelium at the pupillary margin. 
There was diffuse stromal thickening deep 
to Bowman’s membrane in these areas and 
the patient was conscious of a haziness of 
his vision. These opacities were nebulous 
and did not resemble those of epidemic kera- 
toconjunctivitis. The second eye became in- 
volved in a similar process, five days after 
onset in the first, but no corneal changes 
developed. The opacities rapidly faded and 
had completely disappeared within three 
weeks of their appearance. 

2. Patient H. O., a man, aged 43 years, 
was inoculated with tissue culture fluid from 
the fourth passage in monkey-kidney epi- 
thelium of virus material from Patient I. A. 
_ Five days and 12 hours after this inocula- 
tion a foreign body reaction was experienced 
in the inoculated eye and a follicular con- 
junctivitis with marked tearing and fine 
velvety pseudomembranes developed. Five 
days and 12 hours after the onset in the first 
eye a similar but less severe conjunctivitis 
developed in the left eye. Three nebulous 
diffuse subepithelial opacities were seen on 
slitlamp examination by a number of oph- 
thalmologists in the first eye and two in the 


second eye. These were near the visual axis 
and caused some blurring of vision. Two 
months later one opacity was still evident in 
each eye, but could only be seen by slitlamp 
examination. Subsequent examination on the 
third month revealed no evidence of any 
opacities. 

3. Patient W. W., a male intern, aged 23 
years, developed a severe follicular conjunc- 
tivitis in the right eye associated with mod- 
erate preauricular adenopathy. Because of 
his proximity in the hospital, it was possible 
to study the various stages of the disease at 
regular intervals. Three days after the onset 
in the right eye, the left eye became involved 
and the severity of the process was only 
slightly less acute in the second eye. During 
the second week, a number of epithelial ero- 
sions developed in both eyes, and on the fol- 
lowing week a number of fairly sharply cir- 
cumscribed subepithelial opacities were seen. 
These. opacities were similar to those seen 
in epidemic keratoconjunctivitis in their dis- 
tribution about the visual axis and in the 
deep layers of the epithelium and beneath 
Bowman’s membrane. Following the subsi- 
dence of the acute phase of the disease these 
opacities began to fade and no longer ob- 


scured vision. However, on slitlamp exami- 


nation six months after onset, two opacities 
could still be seen. 

4. Patient A. B., a man, aged 64 years, 
was first examined three days after the on- 
set of a severe follicular conjunctivitis in the 
left eye which was associated with marked 
regional adenopathy. A milder but similar 
infection developed in the right eye five days 
after the onset in the left. On the seventh 
day after the onset, a number of punctate 
epithelial staining areas were seen in the left 
cornea. On the 18th day after the onset he 
was re-examined and there were approxi- 
mately 15 subepithelial opacities in each eye, 
many of which were directly beneath punc- 
tate lesions in the epithelium. Some stromal 
edema was present in both corneas and the 
visual acuity was reduced to 20/50 in the 
left eye and 20/40 in the right. The opacities 
were not sharply circumscribed and began 
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to fade rapidly as the acute phase of the dis- 
ease passed. Vision returned to normal with- 
in six weeks after the onset and a few opaci- 
ties could still be seen with the er 
three months after onset. 


TISSUE CULTURES 


The strains of virus were propagated in 
roller tube cultures of monkey-kidney epi- 
thelium obtained from the Connaught Medi- 
cal Research Laboratories, Toronto. The 
cells were maintained in 1.0 ml. of synthetic 
medium No. 597 containing streptomycin 
and penicillin and buffered to pH 7.2 with 
2.8-percent sodium bicarbonate. The four 
strains of virus which had been isolated in 
HeLa cell tissue cultures, were passed in 
monkey-kidney epithelium until the incuba- 
tion period for a complete cytopathogenic 
effective became minimum and consistent, at 
usually four or five days. A relatively low 
titer of virus was obtained in monkey-kidney 
epithelium as compared with HeLa cell cul- 
tures and therefore the virus was always 
used undiluted in the neutralization tests. 
These tests were carried out using cultures 
of monkey-kidney epithelium but the tubes 
remained stationary in a 37°C. incubator. 


SERA 


Specific antisera for neutralization tests 
were prepared against the viable virus of 
each strain in young adult albino rabbits. 
Pooled supernatant fluid from cultures of 
monkey-kidney epithelium showing a com- 
plete CPE, was preserved by freezing at 
—20°C. Two rabbits were immunized 
against each strain of virus using the fol- 
lowing procedure; 1.5 ml. aliquots of tissue 
culture fluid were inoculated intravenously 
twice a week for three weeks. One week 
after the sixth inoculation the rabbits were 
test bled and two further inoculations were 
given. One week after the eighth inoculation, 
the rabbits were bled again. Usually an in- 
crease in titer was obtained using eight in- 
oculations. When two additional inocula- 
tions were given, no further increase in 
titer was obtained. Therefore routinely 


eight inoculations were given and the rabbits 
were exsanguinated by cardiac puncture one 
week after the eighth dose. The sera were 
stored frozen in 4.0 ml. amounts at —20°C., 
without preservative. For use in neutraliza- 
tion tests all sera were heated at 56°C. for 
30 minutes before being mixed with virus. 


NEUTRALIZATION TESTS 


The tests were carried out as previously 
described (Fowle, Cockeram, and Ormsby, 
1955?) using a constant dilution of virus 
and serial twofold dilutions of serum over the 
range 1:64 to 1:4,096. Five monkey-kidney 
roller tubes were inoculated with each dilu- 
tion. The following controls were done with 
each experiment—normal control using nor- 
mal rabbit serum, serum control for each 
serum used, and virus control for each strain 
of virus used. The end-point was taken 48 
hours after the virus controls showed a com- 
plete CPE. First the sera from the paired 
rabbits were tested against the homologous 
virus. In only one instance (I. A.) was there 
a difference in titer and in this case the one 
with the higher titer was later used against 
the heterologous strains of virus. In these 
tests a given strain of virus was tested simul- 
taneously against all four sera. The CPDs50 
was calculated using the Karber method and 
logarithms to the base 2. 7 

RESULTS 

The results of the neutralization tests are 
summarized in Table 1. In order to test for 
differences in antigenic composition the for- 
mula of Archetti and Horsfall (1951") was 
applied to the data. Thus the ratios R, and 
R, which represent the ratios of the hetero- 
logous to homologous titers, were calculated 
for each of the two antisera and the corre- 
sponding antigens. And from these data the 
significance of the antigenic difference, R, 
was calculated where R = R, X R.. These 
ratios are given in Table 2. If R = 1, there 
is no significant difference. If R = % or 
less, there is an antigenic difference of 50 
percent or greater between the two antigens. 
The results of these experiments indicate 


, 
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TABLE 1 


THE NEUTRALIZATION IN TISSUE CULTURE OF STRAINS OF VIRUS BY HOMOLOGOUS AND HETEROLOGOUS 
RABBIT ANTISERA | 


Reciprocal of Serum Dilution Giving $0-nerceat Protection against 
Viren Sersin Effect (CPDs5o) 
LA. H. O. W. W. A. B. 
I. A. 1003 891 1003 962 
H. O. 1458 1499 1105 1217 
W. W. 2210 1332 1010 1489 
A. B. 1128 648 760 1112 
TABLE 2 


CALCULATION OF THE SIGNIFICANCE OF ANTIGENIC DIFFERENCE BETWEEN THE STRAINS OF VIRUS 


Values R,* and R.* 
Virus Strain 
I. A. Hu. W. W. A. B. 
I. A. 1 1/1.12 1 1/1.04 
H. O. 1/1.03 1 1/1.36 1/1.23 
W. W. 2.19 1.32 1 1.47 
A. B. 1.01 1/1.72 1/1.46 1 


*R,—divide the heterologous titer obtained with virus 2 by the homologous titer obtained with virus 1. 
*R:—divide the heterologous titer obtained with virus 1 by the homologous titer obtained with virus 2 


Virus Strains ‘R= /RiXR, 
1/1.1 
I. A. vs. W. W 1.4 
I. A. vs. A. B 1.0 
H. O. vs. W. W 1.0 
H. O. vs. A. B 1/1.5 
W. W. vs. A. B 1.0 


that there is no significant difference in anti-. 


genic composition of any two of the strains 
investigated. In fact, the data suggest a very 
close similarity, three pairs showing an R 
value of 1. 


SUMMARY AND CONCLUSIONS 


1. Four strains of virus isolated from pa- 
tients with corneal involvement, belonging 
to adenovirus type 3, were studied in cross 
neutralization tests. 

2. Corneal changes in these four patients 
varied. In one, transient nebulous stromal 
opacities appeared after the eighth day of 
the disease and faded within six weeks. In 


the second patient, inoculated with virus 
from the first patient, a similar type of 
opacity was observed. In the third, the opaci- 
ties could not be distinguished from the dise- 
like opacities characteristic of epidemic kera- 
toconjunctivitis, but persisted for only six 
months. In the fourth patient, a diffuse 
stromal edema reduced the vision to 20/50 
for three months after the acute phase of 
the disease had subsided. 

3. Results of the cross neutralization tests 
indicated a very close antigenic similarity of 
all four strains of virus. 


Banting Institute (5). 
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EPIDEMIOLOGY OF PHARYNGOCONJUNCTIVAL FEVER* | 


JosepuH A. Bett, M.D. 
Bethesda, Maryland 


This discussion of the epidemiology of 
pharyngoconjunctival fever is generally 
limited to the adenovirus type 3 disease ob- 
served by our research group in the Wash- 
ington, D.C., area.*~* The group includes Dr. 
R. J. Huebner, Dr. W. P. Rowe, Dr. R. G. 
Suskind, Dr. R. H. Parrott, Dr. R. W. 
Ryan, Dr. J. J. Engler, and Dr. J. A. Bell. 
The virus is readily recoverable in HeLa 
cell tissue culture from conjunctival lesions 
and from throat and anal swabs collected 
from humans ill with the disease. Although 
the virus has not commonly been found in 
such specimens from well persons, it has 
not infrequently been found in an apparent 
latent state in tonsil and adenoid tissue sur- 
gically removed from children. All present 
evidence is consistent with an hypothesis 
that humans constitute the chief reservoir 
of infection. 

The isolation of type 3 virus from a lab- 
oratory worker with conjunctivitis in early 
1954 led to the recognition of an outbreak 
of eight cases in the Clinical Center Hospi- 
tal’ in February and within a few months 
this led to the observation of some 400 cases 
occurring sporadically and in localized out- 
breaks.* Chart 1 illustrates the time occur- 
rence of the cases we observed in the summer 
of 1954. 

Group | represents cases which occurred 
in a summer day camp where 20 supervisors 
entertained 180 four to 12-year old campers, 
six hours a day, five days a week, for six 
weeks, Wading or swimming was one of the 
chief occupations. One hundred and forty- 
seven cases occurred and 45 percent of these 
had conjunctivitis. 

The children had 435 family household 


*From the Laboratory of Infectious Diseases, 
National Institute of Allergy and Infectious Dis- 
eases, National Institutes of Health, Public Health 
Service, U. S. Department of Health, Education, 
and Welfare. 


associates and 81 of these were attacked 
(group 2) but only 22 percent had conjuncti- 
Vitis. 

The Broyhill residential area (group 3) 
had a neighborhood swimming pool and we 
observed 25 cases in this area, enough to as- 
sure us that an outbreak existed. No direct 
connection could be found between these 
cases and the Burgundy Camp outbreak. 

The early cases in the Hoflin Hall resi- 
dential area (group 4) were neighborhood 
playmates of Burgundy Camp cases. This 
area was placed under epidemiologic sur- 
veillance because a new swimming pool was 
to be opened in late August. It opened a few 
days before school opened on September Ist, 
and an outbreak of 104 cases ensued, 44 
percent of which had conjunctivitis. 

The 25 sporadic cases (group 5) were of 
widespread distribution and had no direct 
connection with any of the above cases. 
During the winter and summer of 1955, 
many cases came to our attention. In Decem- 
ber, 1954, at a Washington, D.C., orphanage, 
we began medical surveillance of a changing 


_ population group of approximately 60 chil- 


dren between the ages of six months and two 
years. An outbreak occurred with a peak in 
January, 1956, and type 3 adenovirus was 
isolated from 38 of these children. Another 
outbreak occurred with its peak in April, 
1956, and type 3-adenovirus was isolated 
from 28 newly admitted children. 

From all these experiences, we must con- 
clude that pharyngoconjunctival fever occurs 
in all age groups but predominantly in chil-— 
dren; it occurs at all seasons of the year; 
it occurs in epidemic outbreaks particularly 
in the summer time and commonly associated 
with swimming; and it occurs either or both 
endemically and sporadically. 

The incubation period is illustrated by 
Chart 2. It shows the days’ interval from 
onset of first case in a household to onset 
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Total cases median date+ _ 


GM Cases with conjunctivitis 
median date + 


GRP. BURGUNDY CAMP 


— 


| 


NUMBER OF CASES 


27 4 11 16 25 1 8 18 22 29 5 12 19 
JUNE JULY AUG. SEPT. OCT. 


TIME OF ONSET WEEK ENDED 


Chart 1 (Bell). Time occurrence of illnesses according to epidemiologic group. 
(Reproduced from Bell, et al.,* with permission of the publisher. ) 


of other cases. It will be noted that the child and it is reasonable to believe that 
distribution is similar in virus-positive and the cases occurring during the first few days 
other households, many of which were not are instances of extrahousehold exposure. 
tested. The first case was generally a camp’ The distribution suggests that the incuba- 
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20 + 
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NUMBER OF.CASES 
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| 


2 4 6 8 10 
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MM SECONDARY CASES IN 
VIRUS POSITIVE HOUSEHOLDS 


OTHER SECONDARY CASES = 


4 


DAYS INTERVAL ONSET 1S! ILLNESS TO OTHER ILLNESSES 


Chart 2 (Bell). Interval from onset of first illness in household to onset of other illnesses. 
(Reproduced from Bell, et al.,? with permission of the publisher. ) 


tion period may be five to nine days. Since 


all persons in the household are probably 
not effectively exposed on the day of onset 
of the first case, the true incubation period 
would more likely be five to seven days 
rather than seven to nine days. This was con- 
firmed by observation of time of onset of 
several neighborhood contact cases where 
the days of exposure were known. In addi- 
tion it was noted that the median case in the 
household associates of camp children was 
six days after the date of median case in 
camp children. All available data on the 


naturally occurring disease are compatible 


with the five to seven day incubation period. 


The period of communicability is sug- 


gested by the time relations of virus recovery 
from patients. In the summer of 1954, 186 
well and ill persons were tested for virus. 
Virus was isolated from 80 ill persons, and 
from no well person even though many had 
intimate contact with typical cases. Seventy- 
eight of the 80 isolations were during the 
first nine days of illness. 

During the January and April, 1956, out- 
breaks in a Washington, D.C., orphanage, 


weekly specimens were tested for virus. 
Eighty-eight percent of the 98 isolations 
from 61 children had an interval between 
isolations of less than nine days, and in only 
two were the intervals greater than 15 days. 
The intervals in these two were one month 
and four months, and, in the latter, the final 
isolation was from an anal swab. 

Thus, in general, communicability de- 
creases with time after onset of illness and 
for general purposes may be considered 
slight and negligible 10 to 15 days after on- 
set. However, little is known of the role of . 
latent viruses and their possible reactivation 
and spread. 

Infectiousness, immunity, and suscepti- 
bility may be reflected by total attack rates, 
by secondary household attack rates, and 
by artificial inoculation of volunteers. By 
the methods and with the adenoviruses used, 
we were unable to induce illness in sus- 
ceptible volunteers through inoculation of 
live virus by intranasal instillation, by swab- 
bing the oropharynx, or by inhalation of 
atomized suspension of adenovirus.* ® 

On the other hand, 90 percent of suscepti- 
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ble volunteers developed an illness, chiefly 
characterized by conjunctivitis, two to seven 
days following the swabbing of live adeno- 
virus types 1, 3, 4, and 5 on the conjunctiva. 
This 90 percent susceptibility level to a 
challenge-induced illness was determined by 
the absence of detectable neutralizing anti- 
bodies in the prechallenge serum. 

A heat or formaldehyde-inactivated type 


3 adenovirus vaccine induced the formation - 


of such antibodies and was associated with 
protection against the challenge-induced in- 
fection and illness.’ Polyvalent vaccines pre- 
pared in a similar manner have been studied 
in military recruits and shown to protect 
against naturally occurring, acute febrile res- 
piratory illness.*° 

Children in the Washington, D.C., area 
apparently had a high degree of susceptibility 
to type 3 infection. This is evidenced by the 
70 percent attack rate in those who attended 
the Burgundy Summer Day Camp. Table 1 
shows that the secondary household attack 
rates decreased with age and this indicates 


that older age groups were less susceptible 


than children. This is compatible with an 
hypothesis that many adults had had infec- 
tion in prior years and enjoyed prolonged 


immunity to the disease. The comparatively 
higher attack rate in females of the older 
age group is interesting. It is paralleled in 
other diseases, and may reflect more inti- 
mate and effective exposure within the 
household or less opportunity for immunity 
from prior exposure. The total cases ob- 
served in all areas were nearly equally dis- 
tributed by sex. 

Although extensive analyses of our ex- 
perience gave results which were compatible 
with an hypothesis of a person to person 
spread of the disease, it was impossible to 
rule out the swimming pool as an accessory 
mode of spread. The frequent association 
of summer epidemics with swimming pools 
needs further study. There is evidence sug- 
gesting that purified suspensions of adeno- 
virus type 3 will not long survive in water 
with 0.4 to 0.6 ppm residual chlorine. The 
pools involved in the Broyhill and Hollin 
Hall outbreaks were new swimming pools 
with automatic chlorination and hourly rec- 
ords showed no residual chlorine fall below 
0.6 ppm. On the other hand, a personal com- 
munication from Dr. Larson of the Hamil- 
ton, Montana, laboratories indicates that 
cytopathogenic agents resembling adeno- 


TABLE 1 


SECONDARY HOUSEHOLD ATTACK RATES DURING THREE WEEK PERIOD FOLLOWING ONSET FIRST 
HOUSEHOLD CASE, BY AGE AND SEX 


(Reproduced from Bell, et. al.,* with permission of the publisher. ) 


Ist Persons Exposed to Ist Household 
Household Case 
xclu ercent 
Persons Illnesses 
0-4 13 63 23 36 
5-9 112 78 50 64 
0-9 M 68 80 40 50 
Subtotal | 
F 57 61 33 54 
10-19 30 52 17 33 
20-19 17 206 31 15 
40+ 4 126 8 ‘6 
10* 29 185 16 9 
Subtotal 


| | F | 22 | 199 | 40 | 20 
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viruses have been recovered from swimming 
pools. At present it is unknown if con- 
taminated swimming pool water may be a 
source of epidemic pharyngoconjunctival 


fever. 
SuM MARY 


In summary, the disease occurred in all age 
groups but predominantly in children, and 
in both sexes, and it occurred in localized epi- 
demic outbreaks and in endemic or sporadic 
form. The mode of occurrence suggested 
that (1) infected human beings were a com- 
mon source of infection, (2) infection gen- 
erally produces illness, (3) healthy carriers 
were not an important source of infection 
in epidemics, (4) the disease was rather 
highly infectious for young contacts, (5) 
older persons were more likely than children 
to be immune presumably from previous at- 
tack, (6) contaminated swimming pools are 
a suspected but unproved source of infection. 

The observations indicate that the incuba- 


tion period is probably five or six days and 
that the period of communicability as indi- 
cated by presence of virus decreases from 
100 percent during the first few days of 
illness to practically nil 10 to 15 days after 
onset. The disease has not been known long 
enough to estimate its general prevalence; 
it has been recognized since 1943 and has 
occurred in England, Canada, and the United 
States and perhaps elsewhere. It has oc- 
curred in the winter with perhaps a milder 
type of conjunctivitis, and it is probably a 
common, widespread respiratory disease. No 
studies were carried out on treatment, but we 
gained the clinical impression that common 
antibiotics did not influence the course of © 
the disease. Infection and disease may be 

prevented to a substantial extent by vaccine 
but at present vaccine is not available for 
general use and should not be considered ex- 
cept in special epidemiologic circumstances. 


National Institutes of Health (14). 
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KERATOCONJUNCTIVITIS* 
THE CLINICAL CHARACTERISTICS OF THE CALIFORNIA EPIDEMIC, 1941-1942 


MicHAEL J. Hocan, M.D. 


San Francisco, California 


The San Francisco Bay area outbreak of 
epidemic keratoconjunctivitis developed in- 
_ sidiously in many offices and clinics and 

most ophthalmologists were treating cases 
without being aware of the true nature of 
the disease. Within two to three weeks the 
increasing number of cases seen each day 
caused everyone to become alert with re- 
gard to this new entity. It lasted from 
about September, 1941, to February, 1942. 
Initially most of the patients were shipyard 
workers but, as the epidemic progressed, 
more and more nonshipyard workers were 
seen. 

The disease was transmitted along the 
Pacific Coast in the various shipyards, .prob- 


ably by transfer of personnel, and spread in — 


the various dispensaries. It seemed to start 
almost simultaneously in the Portland, Los 
Angeles, and San Francisco Bay area yards. 
Originally it was thought that welding hoods, 
goggles, and so forth, might spread the dis- 
ease, but the appearance in those not utilizing 
such equipment soon eliminated this theory. 
The frequency of foreign bodies in welders 
and chippers and the many visits to dispen- 
saries for treatment seemed to be the princi- 
pal source of spread. It was soon realized 
that ocular solutions provided the principal 
medium for transfer of the infection. It was 


surprising that probably no more than two or ~ 


three percent of the workers transmitted the 
disease to one or more members of their 
families. Most workers were given ointments 
to use, and probably treated themselves. Also 


they were cautioned about the use of towels, — 


* From the Francis I. Proctor Foundation for Re- 
search in Ophthalmology and the Department of 
Ophthalmology, University of California School of 
Medicine. 
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wash cloths, and so forth, in their homes. 
The incidence of transmittal may have been 
iow because of these precautions. 

Also, a number of new cases developed 
among our private and clinic patients as the 
result of accidental transfer from contami- 
nated solutions, instruments, and hands. 
Several hundred cases were treated, but an 
additional number of cases were given medi- 
cation and advised to remain home until they 
were past the acute phase. At that time we 
reported* the results of detailed studies made 
on 125 of these cases in which the patients 
were seen and examined throughout the 
course of the disease. 

It is interesting that the epidemic subsided 
fairly rapidly during February, 1942, and 
we have speculated at length since that time 
why it disappeared so completely as an epi- 
demic. Most patients were warned to stay 
home, and all new cases were kept out of dis- 
pensaries. This may have accounted for some 
reduction in the incidence. However, in some 
clinics where such precautions were not ob- 
served, the disease spread but very little 
into the population. 

Also, in various dispensaries and clinics 
with which we came in contact there was 
practically no involvement of professional 
personnel. 


CLINICAL CHARACTERISTICS 


The disease as observed in our patients 
was characterized by the initial development 
of an acute conjunctivitis with edema of the 
lids and conjunctiva (fig. 1). Except for 


* Hogan, M. J., and Crawford, WwW: Epidemic 
keratoconjunctivitis. Am. J. Ophth., 25:1059-1078 
(Sept.) 1942. 
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Fig. 2 (Hogan). Epidemic keratoconjunctivitis 
chemosis. 


Fig. 3 (Hogan). Chemosis in the early acute stage. 


tearing there was no discharge. The edema 
of the conjunctiva and eyelids rapidly in- 
creased (figs. 2 and 3). In 25 percent of the 
cases the disease was bilateral, and there 
was a tendency for the second eye to be 
affected at a later date and to a lesser degree. 


Within 36 to 48 hours the regional lympha- 
tics became involved and in 75 percent of 
the cases preauricular, angular, submaxillary, 
and cervical lymph-node enlargement and 
tenderness appeared. Early examination of 
the conjunctiva itself showed a slight hyper- 
emia with glassy edema. Later the hyperemia 
became more intense and in slightly less than 
50 percent of the cases follicles appeared on 
the lid conjunctiva (fig. 4). Occasional cases 
showed petechias and two cases had severe 
ecchymosis of the conjunctiva and _ lids. 
Seventeen cases showed pseudo- or true 
membranes (figs. 5 and 6) on the con- 
junctiva of the lid and fornix. The con- 
junctivitis lasted an average of 13 days in 
this group of patients. : 
Ninety-two of the 125 patients developed 
the typical keratitis within two to eight days 
after onset of the conjunctivitis and in 23 


Fig. 4 (Hogan). Follicular enlargement in the 
lower conjunctiva. 


Fig. 5 (Hogan). Pseudomembrane in early 
epidemic keratoconjunctivitis. 
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Fig. 6 (Hogan). Membrane formation in 
the upper lid. 


of these it became bilateral. The onset of 
keratitis was characterized by the develop- 
ment of pain and severe photophobia. Sev- 


eral types of lesions were seen in the cornea: 


(1) Nonspecific superficial punctuate ero- 
sions, which stained; (2) the typical macular 
lesions which are diagnostic. They were 0.5 
to 1.5 mm. in size, round or oval, just be- 
neath Bowman’s membrane (figs. 7 and 8), 
more centrally located and varied in number 
between 10 and 100. It was characteristic that 
these lesions did not stain, ulcerate, or be- 
come vascularized. Corneal sensation was 
normal in all cases. In 17 patients deeper 
stromal lesions were seen, and, of these, 
six had a secondary iritis. Several patients 
developed disciform lesions in the corneal 
stroma. 

The corneal lesions outlasted the con- 
junctivitis by a considerable period, the eyes 
remaining photophobic and _ slightly con- 
gested for up to a month. In most patients 
gradual fading of the infiltrates occurred 


. during a period of two to three months and 


vision became normal. Those patients with 
deeper lesions or disciform infiltrates had 
20/40 to 20/50 vision up to four to six 
months afterward but an eventual return to 
normal occurred in all cases. 

A number of cases were followed for a 


year, and a few were seen as late as 10 years 


after the infection. We have not seen a re- 
currence in any of these cases, 


Fig. 7 (Hogan). Corneal infiltrates. 


Fig. 8 (Hogan). Corneal infiltrates. 


CULTURAL STUDIES AND CYTOLOGY 


Routine cultures from the conjunctiva 
during the acute phase of the conjunctivitis 
were invariably negative, and scrapings 
showed a lymphocytic type of exudate. Con- 
junctival washings and scrapings were in- 
oculated intracerebrally and intraperitone- 
ally into mice from many patients, without 
effect. Efforts to reproduce the disease in 
the eyes of mice, guinea pigs, rabbits, dogs, 
and monkeys failed. | 


THERAPY 


Attempts to’ control the disease with 
various therapeutic agents were not suc- 
cessful, 
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SUMMARY 


1. The San Francisco Bay area outbreak 
of epidemic keratoconjunctivitis appeared 
primarily in shipyard workers, and seemed 
- to be spread by contaminated hands and dis- 
pensary equipment and solutions rather than 
by occupational equipment. 

2. The frequency of spread to professional 
personnel and to families of infected workers 
was very low. 

3. One hundred twenty-five cases were 
studied and the following findings were most 
important: 


a. An acute conjunctivitis with lid and 


mucosal edema, and without purulent dis- 


charge. In 25 percent the disease was bi- 
lateral. 

b. Regional occurred in 75 
percent of patients. 

c. Fifty percent of patients had a follicular 
conjunctivitis. 

d. Thirteen percent of patients had true 


or pseudomembranes on the conjunctiva. 


e. Ninety-two of the 125 patients devel- 
oped the typical keratitis. In 17 patients 
disciform or other stromal involvement was 
seen. In 23 patients the corneal lesions be- 
came bilateral. 

4. Negative cultures and a lymphocytic 
type of exudate were found. 


KERATOCONJUN CTIVITIS* 


THE CLINICAL CHARACTERISTICS OF THE NEW YORK EPIDEMIC, 1943-1946 


Atson E. Bracey, M.D. 


Towa City, lowa 


Sporadic cases of epidemic keratocon- 
junctivitis began appearing in the New York 
area in the spring of 1942. The ophthalmolo- 
gists in the area had been alerted to a 
disease called shipyard conjunctivitis or 
California conjunctivitis by our friends on 
the Pacific Coast. The early cases of epi- 
demic keratoconjunctivitis were not recog- 
nized because they seemed to be compara- 
tively mild. But in reviewing some of these 
early cases, it was possible to make the 
diagnosis. 

The clinical disease increased in severity 
as the number of cases increased in number. 
In June, 1942, Mr. R. H. appeared at the 
Vanderbilt Clinic with a history that the 
previous night he had felt a sudden sharp 
pain in his right eye. This was associated 
with a foreign-body sensation. He was un- 
able to find a foreign body but the sensation 


* From the Department of Ophthalmology, Uni- 
versity of Iowa College of Medicine. 


continued through the following morning. 
The following morning there was consider- 
able edema of the upper lid and it was difficult 
for him to open his eye. There was moderate 
to severe pain, and discomfort to his eye, 
especially on rotation of the eyeball. Vision 
was normal. When he presented himself at 
the clinic, there was marked edema of the 
upper lid and moderate chemosis. The con- 
junctiva was smooth but the blood vessels 
were distended. There was edema of the semi- 
lunar fold and caruncle. 

Scrapings from the conjunctiva showed 
epithelial cells with numerous mononuclear 
leukocytes. No polymorphonuclear leuko- 
cytes could be found. 

The second day the edema had increased — 
considerably and there began to appear small 
follicles on the lower palpebral conjunctiva 
and a few follicles at the upper margins of 
the tarsus of the upper lid. The edema of the 
caruncle and semilunar fold increased and 


> 
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there was a slightly tender palpable preauric- 
ular lymph node. 

During the next five days the clinical 
findings gradually increased until there was 
an advanced follicular conjunctivitis. Photo- 
phobia was not particularly troublesome. On 
the fifth day the edema began to decrease 
and the palpable preauricular node began to 
be less evident and not tender. Submental 
and submaxillary lymph nodes were then 
present. 

On the sixth day of the disease there was 
a slight photophobia. Examination with a 
biomicroscope demonstrated very fine sub- 
epithelial opacities. There was no staining of 
the cornea with fluorescein. The edema of 
the left eye had increased; however, the 
edema of the right eye had decreased. 


On the eighth day, the conjunctivitis in 


the right eye had improved somewhat but 


there were numerous 0,.5-mm. whitish opaci- 


ties in the cornea. These opacities were just 
beneath the epithelium and seemed to raise 
the epithelium in some areas. They did not 
stain with fluorescein. Approximately 30 


opacities were counted in the cornea. The 


opacities were circular and composed of 
numerous fine dots. The vision in this eye 
was decreased to 20/70. 

The acute conjunctivitis lasted four weeks 
in each eye. It improved slowly during the 
last weeks. The visual disturbance and the 
corneal opacities persisted. Six months later, 
the vision in the right eye had improved to 
20/30 and numerous subepithelial corneal 
opacities were still present. In the left eye 
which had been involved secondarily, the 
vision was not disturbed. One year later, the 
right cornea showed eight opacities while 
the left eye had two. The vision in the right 
eye was still 20/30 and there was mild photo- 
phobia in artificial light. 

The number of cases seen gradually in- 
creased and they seemed to increase some- 
what in severity, so that during the winter 
of 1942 and early 1943, the disease appeared 
to be more hyperacute and a pseudomem- 
brane would frequently appear on the third 


to fifth day of the disease. A pseudomem- 
brane was present in 67 percent of the cases 
that I saw. These pseudomembranes were 
light yellow in color and contained many 
mononuclear cells and degenerating epithe- 
lial cells. 

In late 1943,? I summarized the clinical 
appearance of the disease into four stages. 

Stage 1.is the acute phase in which the 
primary symptoms are those of foreign body 
sensation, with burning and marked tearing. 


There develops edema of the upper lid with 


chemosis and edema of the semilunar fold 
and caruncle. There is hyperemia of the 
conjunctival blood vessels. Ocular rotations 
may be painful or associated with discom- 
fort. 

Stage 2. The disease enters the second 
stage in approximately 48 hours. This stage 
is characterized by the development of large 
follicles in the conjunctiva, and sometimes 
many subconjunctival infiltrates. Preauric- 
ular lymph adenopathy is usually present 
during this time. The follicles gradually in- 
crease and in many instances a thick pseudo- 
membrane appears on the palpebral and at 
times on the bulbar conjunctiva. This is usu- 
ally present by about the fifth day. 

Stage 3. The third stage of the disease 
is the continued follicular conjunctivitis 
associated with beginning corneal changes. 
These corneal changes produce photophobia 
and blurring of vision. At times, the blurring 
of vision is quite marked, particularly when 
there are opacities on the anterior surface 
of the cornea and occasionally in the stroma. 
These opacities usually begin on about the 
seventh to the 10th day of the disease al- 
though they may not be apparent for several 
days later. 

Stage 4. The fourth stage of the disease 
is characterized by a disappearance of the 
conjunctivitis and a continuation of the ker- 
atitis. This keratitis may last for many 
months to years. 

The epidemic seemed to burn itself out 
during the early part of 1944, and only spo- 
radic cases of epidemic keratoconjunctivitis 
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were seen at the St. Albans Naval Hospital 
in New York City. However, in the winter 
and early spring of 1946, a small but inter- 
esting epidemic developed in an area near 
the Vanderbilt Clinic. Quite a number of 
patients with the disease were seen in the 
professional personnel of the hospital and 
individuals from the surrounding area. 

During this period, the clinical disease was 
characterized by much more severe corneal 
findings that conjunctival findings. The con- 
junctival disease was less acute. There was 
moderate to slight edema of the conjunctiva 
and of the upper lid. However, the follicular 
conjunctivitis was present. 

After the follicular conjunctivitis had 
been present for approximately 10 days to 
two weeks, the severe keratitis would de- 
velop. The corneal opacities would first ap- 
pear just beneath Bowman’s membrane. 


These would increase in number and severity _ 


and small opacities could be found in the 
deeper stroma. Fine deposits were frequently 
present on the posterior surface of the 
cornea and Tyndall’s phenomenon was pres- 
ent in the anterior chamber. A mild to moder- 
ately severe iritis was often encountered. 


During the 1942-1943 epidemic, the cor- 
neal opacities would usually disappear within 
a few months to two years but, of individuals 
who had the disease during the 1946 epi- 
demic, some of them still have corneal opaci- 
ties. One of these later patients, Dr. J. W., 
was examined in April, 1956. With a simple 
flashlight, it was possible to see three white 
leukoma in the pupillary area of the right 
eye. The vision in this eye was a poor 20/20. 


SUMMARY 


The cases of epidemic keratoconjunctivitis 
seen in New York during the early part of — 
1942 were characterized by a hyperacute 
conjunctivitis which became a follicular con- 
junctivitis associated with a preauricular 
lymph adenopathy. The early cases seen 
were mild and the severity of the disease 
increased as the number of cases increased. 
Corneal opacities were present in 92 percent 
of the cases in which diagnosis was made. 
During the 1946 epidemic, the conjunctivitis 
was less marked and the corneal disease was 
more evident. 


University Hospitals. 
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EPIDEMIC KERATOCONJUNCTIVITIS IN JAPAN AND THE ORIENT* 


Cuie TANAKA, M.D. 
Tokyo, Japan 


INCIDENCE 


The first report on epidemic keratocon- 
junctivitis (EKC) in Japan was made by 
_ Inoue’ in 1894. In 1897, Asayama? reported 
10 cases of this condition. However, epi- 


* From the Department of Ophthalmology, Tokyo 
Women’s Medical College. 

* Research associate, Ophthalmology Branch, Na- 
tional Institutes of Health, Bethesda, Maryland. 


demic keratoconjunctivitis seems to have 
been relatively uncommon before the year 
1937. From that year on, the incidence in- 
creased rapidly and frequent epidemics oc- 
curred, especially from sources of contami- 
nation in swimming pools and physicians’ 
offices. 

Examination of statistics found in the 
Japanese literature shows that the incidence | 
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has rarely fallen to less than one percent of 
clinic patients during the past 20 years.*? 

During a six-month period in 1941, Oka- 
mura and Mitsui observed 33 cases of epi- 


demic keratoconjunctivitis among some 4,000. 
out-patients at the Tokyo Imperial Univer-. 


sity Clinic. In the same year, Aoki and Kasa- 
hara® observed 72 cases among some 3,500 
out-patients at a hospital in Tokyo. Over a 
two-year period between 1948 and 1949, 
Mitsui and Tanaka’ observed 215 cases 
among about 10,000 out-patients at Kuma- 
moto University Clinic. 

Epidemic keratoconjunctivitis seems to be 
common throughout the Orient, though in- 


formation about it is limited. Sources of in- | 


formation include those of Wright* and 
Kirwan® in India, Kumano’® in Formosa, 
and Oishi"! in Manchuria. | 

_ During the past 20 years, epidemic kerato- 
conjunctivitis has been observed sporadically 
in Japan in all seasons of the year, with 
occasional outbreaks of epidemics. 


HUMAN INOCULATIONS 


Epidemic keratoconjunctivitis inoculation 
of humans was first done by Wright® (1930) 
in India. Kirwan® performed the same pro- 
cedure in 1935. The first inoculation in Japan 
was made by Aoki’? in 1941. His objectives 
_ were to confirm the infectious nature of this 
condition, as well as to follow the incubation 


period and whole clinical course of the in- 


fection. The result of inoculation was posi- 
tive in 12 of 14 cases, including two sub- 
inoculations. The incubation period averaged 
five days. In all of the cases, the disease in- 
fected the second eye in the course of a week. 
Subepithelial punctate keratitis appeared in 
16 of the 24 eyes, eight to 11 days after the 
onset of conjunctivitis. Aoki also described 
the histology of this condition. 

A second series of inoculations was per- 
formed by Mitsui® in 1948, His purpose was 
to follow the nature of membranous or pseu- 
domembranous conjunctivitis in infants, a 
condition which is widespread in Japan and 
very often associated with definite systemic 


symptoms. This problem will be discussed 
later. 

A third series of inoculations was per- 
formed by Tanaka’** in 1950 and 1951. 
Her objective was twofold. The first was to 
determine the nature of membranous or 
pseudomembranous conjunctivitis in infants 
with systemic symptoms in which Koch- 
Weeks bacilli were demonstrated by smear 
examinations. The second was to follow the 
immunity of epidemic keratoconjunctivitis. 
These two problems will be discussed in 
separate sections. 

An interesting but still unpublished tule | 
on inoculation is that of Hinokuma.** He 
observed an exceptional case in which typi- 
cal subepithelial punctate keratitis without 
accompanying conjunctivitis resulted from 
the inoculation. It is very interesting to com- 
pare the result in this case with that obtained 
by Thygeson*’ who observed punctate kerati- 
tis without conjunctivitis in a woman whose 
husband, a physician, had been suffering 
from typical epidemic keratoconjunctivitis. 


CLINICAL FEATURES 


Clinical symptoms of epidemic keratocon- 
junctivitis in Japanese adults are much the 
same as those described in reports from 
Europe and the United States. There is 
acute follicular or, less frequently, pseudo- 
membranous conjunctivitis of about one 
month’s duration. Monocytes predominate 
in conjunctival smears and the bacteriology 
is essentially negative. A protracted incuba- 
tion period is suggested by the wide interval 
between the onset of the disease in the first 
and the second eye in those cases where the 
condition is bilateral. A preauricular adenop- 
athy is very often associated with epidemic 
keratoconjunctivitis. 

The incidence of subepithelial punctate 
keratitis varies greatly from one epidemic 
to another and this may be at least partially 
due to the difference in the age?* of the suf- 
ferers in a given epidemic. A review of 
the literature shows that the incidence of 
keratitis is in the range of 35 to 60 percent 
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(Otsuka,** Mitsui and Tanaka,’ and Mori’®). 

Systemic symptoms are rarely found in 
adults and, when present, are very slight. 

Recently, Mitsui®® observed several cases 
of epidemic keratoconjunctivitis among 
Europeans and Americans during an epi- 
demic in Kumamoto. When he compared 
these cases with those of Japanese subjects, 
he received the impression that keratitis is 
apt to be more severe in the Caucasian race 
than-in Japanese. 

The infantile form of epidemic keratocon- 
junctivitis was first described by Mitsui and 
Kudo*! in 1944, but was known to have been 
widespread in Japan before that time. The 
clinical picture was very different from 
that of epidemic keratoconjunctivitis in 
adults, and therefore, the infantile form was 
regarded as a different disease. 

The infantile form of epidemic kerato- 
conjunctivitis is a pseudomembranous or 
membranous conjunctivitis usually affecting 
infants less than two years old and, less fre- 
quently, young children up to five years of 
age. It is very often (about half of the cases) 
accompanied by definite systemic symptoms 
such as high fever, angina, pharyngitis, otitis 
media, diarrhea, and vomiting. Mitsui stated 
that many of the patients had first visited 
pediatricians because of the systemic symp- 
toms, and from that source they had been 
referred to him. 

It is interesting to note that an association 
with keratitis is extremely exceptional in the 
infantile form. Preauricular adenopathy is 
also absent as a rule in infants under two 
years of age. | 

In their first report, Mitsui and Kudo 
merely suggested the possibility that this 
particular type of pseudomembranous con- 
junctivitis was an “infantile form of epi- 
demic keratoconjunctivitis.” By experimental 
inoculations in humans, however, Mitsui‘® 
later demonstrated that the material from 
“infantile epidemic keratoconjunctivitis” 
could cause typical epidemic keratoconjunc- 
tivitis in the adult, and vice versa. The outline 
of this study was introduced to readers of 


English by Mitsui, Tanaka, and Yamashita.” 
Their findings were confirmed by Aoki®? and 
Mori.”® 

Most recently, Mitsui” obtained acute and 
convalescent sera from two typical cases of 
“infantile epidemic keratoconjunctivitis” 
(according to his criterion) and sent samples 
to Jawetz in San Francisco. Jawetz** demon- 
strated a considerable rise of neutralizing 
antibodies against adenovirus type 8 in the 
convalescent serum. 


MOoDE OF TRANSMISSION 


The mode of transmission is very often 
obscure in endemic or sporadic cases except 
where transmission in families is established. 

Epidemics are usually mediated by sources 
of contamination in swimming pools and 
physicians’ offices, but there seems to be no 
report of epidemics in industrial plants such 
as shipyards. 

In 1947, Otsuka™® reported an epidemic 
of 46 cases which originated in a swimming 
pool in Tokyo. In 1955, Mitsui®® studied an 
epidemic in a junior high school in Kuma- 
moto. Nearly 200 students who bathed in the 
swimming pool of the school suffered from 
this condition over a four-week period. He 
also observed two sizable epidemics in the 
eye clinic at Kumamoto University. During 
the first epidemic the source of infection 
remained obscure. The second epidemic was 
definitely mediated by a topical anesthetic 
solution for tonometry. More than 60 cases 
were infected through these two iatrogenic 
sources. 

Transmission through family contact is 
commonly found in Japan. Thirteen of the 
72 cases observed by Aoki and Kasahara*® 
were so transmitted. Their study included a 
family in which seven members were suc- 
cessively infected, probably from other mem- 
bers of the same family. Mori’® reported 
six cases of family infection among 17 
cases studied. 


IMMUNITY 
The result of the inoculation of epidemic 
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keratoconjunctivitis virus in humans was not 
always positive, even though cases without a 
history of acute conjunctivitis were selected 
as the volunteers (Aoki,’* Mitsui,’* and 
Tanaka’), Nonsusceptible cases amount- 
ed to about 15 percent according to Aoki and 
about 30 percent according to Mitsui. 

Tanaka repeated inoculations in such 
negative cases with materials obtained from 
different donors after a certain interval. 
The result was consistently negative. She 
was able to demonstrate the active virulence 
of the inoculum by inoculating the same ma- 
terial into another volunteer. She found 
three out of a total of eight volunteers to be 
nonsusceptible. 


MIXED INFECTION 


Later, Tanaka’* demonstrated by an in- 
oculation experiment that certain cases rep- 
resented a mixed infection of epidemic kera- 
toconjunctivitis and Koch-Weeks conjuncti- 
vitis. She treated one such case with AgNO, 
. and, after the disappearance of the bacilli, 
inoculated conjunctival secretions from this 
patient into a normal adult eye. This resulted 
in the onset of a typical epidemic keratocon- 
junctivitis picture with definite keratitis. 

Since the discovery of antibiotics, there 
has been a rapid decrease in bacterial con- 
junctivitis in Japan. Mixed infections of 
epidemic keratoconjunctivitis and bacterial 
conjunctivitis appear to have become uncom- 

The combination of epidemic keratocon- 
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junctivitis and herpetic seinsitisie has not yet 
been reported in Japan. 


| SUMMARY 


1. Epidemic keratoconjunctivitis seems to 
have been uncommon in Japan before 1937, 
but from that year on the incidence increased. 
Statistically, epidemic keratoconjunctivitis 
patients constitute between one and two per- 
cent of clinic patients. 

2. By inoculation of epidemic keratocon- 
junctivitis into humans, it was found that 
the incubation period averaged five days; 
that the disease infected the second eye in 
the course of a week; and that keratitis ap- 
peared in about 60 percent of the cases, 
eight to 11 days after the onset of sare das 


_ vitis. 


3. Epidemic keratoconjunctivitis in infants 
is very different from that in adults. It is 
a pseudomembranous conjunctivitis, and is 
frequently accompanied by definite systemic 
symptoms but rarely associated with keratitis" 
or preauricular adenopathy. 

4, Epidemic keratoconjunctivitis is endem- 
ic or sporadic in occurrence. Transmission is 
by contact with sources of contamination 
such as swimming pools and physicians’ 
offices, or by familial contact. 

5. The result of epidemic keratoconjuncti- 


vitis inoculation in humans was not always 


positive. Between 15 and 30 percent were 
found to be nonsusceptible. 

6. With the advent of antibiotics, mixed 
epidemic keratoconjunctivitis and bacterial 
infections have become uncommon. 
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EPIDEMIC KERATOCONJUNCTIVITIS IN ITALY* 
SOME CONTRIBUTIONS TO ITS CLINICAL ASPECTS, EPIDEMIOLOGY, AND ETIOLOGY 


G. B. Bretri1, M.D., anp F. Bruna, M.D. 
Rome, Italy 


CLINICAL AND EPIDEMIOLOGIC OBSERVATIONS 


Epidemic keratoconjunctivitis was ob- 
served for the first time in Italy (1942) in 
the Eye Department of the University of 
Sassari (Sardinia’®) by one of us (Bietti) 
and shortly afterward in Rome.® These find- 
ings coincided with the arrival of German 
troops who possibly carried the disease with 
them, since epidemic keratoconjunctivitis was 
very prevalent in Germany at that time. 

Our observations in Sassari (already pub- 
lished by Pasca™®) referred to 1,094 cases 
occurring mostly during the months of 
September (192), October (252), November 
(173), and December (71), 1943. The dis- 
ease showed a familial incidence in 97 cases 
(36 families). It was unilateral in 20 percent 
of the patients ; corneal involvement was ob- 


* From the Department of Ophthalmology, Uni- 
versity of Rome. (Director: Prof. G. B. Bietti.) 


served in about 38 percent of the cases. 
Among 274 patients under 10 years of age, 
49 had corneal complications, while in 245 
subjects from 10 to 20 years, 124 had corneal — 
involvement. 

Gradually in the following years epidemic 
keratoconjunctivitis has become more or 
less common in Italy, and cases of it have 
been observed in practically every re- 
gion.*~* 512, 14, 17-25 Bietti saw several cases 
Pavia and Parma.*® 

The questioning of colleagues of the prin- 
cipal centers of the country has given the re- 
sults which are summarized in Table 1 and 
the map (fig. 1) which show the diffusion 
of epidemic keratoconjunctivitis in Italy. 

Our recent observations concern the cases 
seen in the out-patient department of the 
University Eye Clinic of Rome. A total of 
1,093 patients, having a typical epidemic 
keratoconjunctivitis or only the conjunctival 


(See Table 1 on folded insert.) 


i 
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Fig 1 (Bietti and Bruna). Chief epidemic kerato- 
conjunctivitis areas in Italy during the years 1943 
to 1956. 


aspects characteristic of the disease, but 
without corneal involvement, was observed 
from October, 1942, to July 1, 1956. The 
microscopic examination, as well as the 
clinical and epidemiologic patterns, permitted 
differentiation of the purely conjunctival 
cases from other follicular manifestations of 


the conjunctiva, mainly inclusion and Béal’s 
conjunctivitis, and to consider them as in- 
complete cases of epidemic keratoconjuncti- 
vitis. It must be noted, however, that, in 
early cases of conjunctivitis, corneal involve- 
ment probably occurred after our examina- 
tion in a later stage and was not observed 
by us. Of the 1,093 cases, 367 were uni- 
lateral and 726 bilateral. | 

The age distribution of the disease, as 
well as the incidence of the corneal involve- 
ment in the different months and years, is 
shown in Tables 2 and 3. 

From our data, as well from those of 
other Italian ophthalmologists, the following 
conclusions may be drawn regarding the epi- 
demiology of epidemic keratoconjunctivitis 
in Italy: 

1. The morbidity index of the disease is 
generally low, since epidemic keratoconjunc- 
tivitis. has almost never reached the aspect 


_of a serious epidemic; the only true epi- 


demics of epidemic keratoconjunctivitis have 
been recorded, as already mentioned, in 
Sassari,¥® 1943-44 (1,094 cases), and in 
Genoa”*-*? in 1953-54 (where the disease oc- 
curred among the workers of the Ansaldo 
Shipyards). 

2. Regarding geographic distribution, as 


TABLE 2 


DISTRIBUTION OF EPIDEMIC KERATOCONJUNCTIVITIS IN THE OUT-PATIENTS OF THE UNIVERSITY Eye CLINIC 
OF ROME FROM 1942 To 1956, AND INCIDENCE OF CORNEAL INVOLVEMENT 


Per- 
Cor- cent 
Yearly | neal of Cor- 
Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. | Cases Semen | tues a 
n- 
sions volve- 
ment 
1942 1 1 2 0.016 2 
1943 1 2 1 é we 4 0.034 4 
1944 1 2 3 0.037 3 
1945 2 12 5 ye See, 28 0.22 7 25 
1946 11 8 6 14 11 i1 67 0.52 27 40 .02 
1947 16 19 41 28 17 48 7 16 '3 14 20 229 1.62 69 30.1 
| 27 9 16 17 27 8 = 10 120 1.89 17 14.1 
1949 il 15 7 15 12 11 15 9 25 17 10 8 155 1.16 20 12.9 
1950 1 18 18 il 10 il 8 il 5 5 2 q 104 0.88 21 20.1 
1951 1 1 1 8 3 2 4 2 2 6 30 0.023 5 16.6 
1952 6 9 5 2 5 7 ae 7 4 50 0.38 3 6.0 
1953 4 5 5 2 i 3 3 6 29 0.24 2 6.8 
1954 4 1 10 13 16 13 it 9 10 10 10 7 114 0.93 8 7.0 
1955 9 8 7 18 18 14 5 5 11 See 2 4 105 0.82 il 10.4 
1956 6 5 5 11 14 12 53 0.82 7 13.2 
81 85 104 118 121 159 91 56 75 66 61 76 1093 206 


The figures of 1956 refer to the first half year. 
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TABLE 3 


AGE DISTRIBUTION OF EPIDEMIC KERATOCONJUNCTI- 
VITIS WITHOUT AND WITH CORNEAL INVOLVEMENT 
IN THE OUT-PATIENTS OF THE UNIVERSITY EYE 
CLINIC OF ROME FROM 1942 To 1956 


Cases 
Conjunc- Corneal 
Age tivitis with Lesions 
(yr.) Ca Corneal 
Lesions 
Below 5 19 1 §.2 
5-10 39 1 
11-20 149 27 18.1 
21-30 255 67 26.2 
31-40 237 42 17.7 
41-50 207 45 21.7 
51-60 120 18 15.0 
61-70 51 3 5.8 
71-80 13 2 15.3 


may be seen from the annexed map, South 
Italy seems to have been least attacked by 
the disease. 

3. Independent from the latitude, no month 
of the year has been spared by the disease, 
which has, however, a higher incidence dur- 
ing the spring and the autumn seasons. 

4. No difference in the incidence of epi- 
demic keratoconjunctivitis has been observed 
between males and females, except in indus- 
trial centers where males are generally af- 
fected in greater numbers. 

5. Among the most common types of con- 
tamination the following have been found: 
(a) family; (b) communities, such as 
schools, orphanages, religious groups; (c) 
contact in dispensaries or hospitals due to 
eyedroppers, surgical instruments, tonom- 
eters, and so forth. Also the epidemics ob- 
served among factory workers have been 
attributed in the big factories to contamina- 
tion in local dispensaries (in Turin Fiat fac- 
tories; Genoa and Leghorn, shipyards), the 
incidence of the disease paralleling the num- 
ber of workers attending the factory’s dis- 
pensaries. | | 

6. Our observations permit the following 
conclusions regarding the clinical picture of 
epidemic keratoconjunctivitis in our area: 

a. The conjunctival involvement may 
differ greatly from case to case: sometimes 
it is extremely mild, while in other cases it 
appears particularly severe with marked se- 


cretion, pseudomembrane formation, consid- 
erable hypertrophy, resembling thus the as- 


' pect of an acute trachoma, or of a swimming-— 
pool conjunctivitis. In some cases the con- 


junctivitis has been even overlooked by the 
patients, who came to us complaining only 
about visual troubles due to corneal changes. 

The duration of the conjunctivitis may 


_ differ (one to four weeks or more) even for 


the same area; no relationship to year or 
season of occurrence has been found. 

b. Corneal involvement may occur in dif- 
ferent incidence in different years. As shown 
in the tables, confirming thus our previous 
observations in Sassari, adults are more af- 


fected by corneal complications than children 


below the age of 10 years. 

Peculiar types of corneal involvement 
have often been encountered in addition to 
the characteristic one: microphlyctenular 
eruptions at the limbus ; marginal infiltration 
and ulceration ; bullous keratitis ; filamentous 
keratitis ; superficial ulcerated keratitis of the 
dendritic type (three cases) ; deep keratitis 
with a disciform aspect (two cases). All 
these changes were observed coincident with 
or after the appearance of the typical round 
infiltrations of the disease. | 

The duration of the corneal changes is 
sometimes extremely long: two to three 
years from their occurrence. According to 
our experience, however, they finally almost 
always disappear leaving no scars. In one 
case, however, we saw definite evidence of 
previous corneal changes 10 years after an 
epidemic keratoconjunctivitis outbreak. 

c. Sometimes a particularly severe epi- 
scleral reaction has been observed. A mild 
iritis, with or without corneal involvement, 
has been encountered 23 times; in one of 
these cases spontaneous hemorrhage oc- 
curred in the anterior chamber. 

d. In some cases herpetic extraocular le- 
sions have been observed at different times 
during the course of the epidemic kerato- 
conjunctivitis. 

It is to be noted that the epidemics of 


Sassari in 1943 were observed during a 
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period characterized by a considerable in- 
crease (about five times) of herpetic kera- 
titis, in association with the higher incidence 
of malaria attacks due to war conditions in 
Sardinia which were frequently accompa- 


nied by herpetic eruptions. On the other 


hand, however, epidemic keratoconjunctivitis 


was of unusually low incidence during the ~ 


winter 1953-54, when herpetic keratitis was 
particularly frequent in Rome and was as- 
sociated with a diffuse epidemic of influenza 
(type A). 

e..As to the therapy of epidemic kerato- 
conjunctivitis, the following remarks may 
be made: 

1. The use of antibiotics, especially Chlor- 
omycetin, aureomycin, terramycin, has found 
large acceptance by ophthalmologists but, 
according to our experience in 200 consecu- 


‘tive cases with untreated control groups, 


their efficacy has not been proved. 

2. We have, therefore, chiefly been using 
silver preparations (argyrol drops and paint- 
ing of the everted conjunctiva with silver 
nitrate, two percent) to act chemically and 
mechanically (desquamation) on the virus, 
which is apparently resistant to antibiotics. 

3. Cortisone does not give constant results ; 
some colleagues stress a regression of the 
corneal lesions, especially during the phase 
of ulceration. We generally refrain from 
the use of cortisone in the first stage of the 
disease, especially when the conjunctivitis 
is still active, and prescribe it later as pro- 
phylaxis against the corneal changes. 


ETIOLOGIC INVESTIGATIONS 


The findings recently published by Jawetz, 


Thygeson, and co-workers,’ regarding 
the importance of the adenovirus type 8 as 
an etiologic agent of epidemic keratocon- 
junctivitis, stimulated us to perform some 
investigations in order to support these 
views. 


MATERIAL AND TECHNIQUES 


For our researches (cultivation, comple- 
ment fixation and neutralization test, inocu- 


lation) an adenovirus type 8 strain, kindly 
supplied by Dr. Jawetz and cultivated by us 
in HeLa cells with the assistance of Dr. 
Balducci of the Institute of Public Health 
in Rome, has been used. 


The following culture media have been utilized : 


Percent 

a. Growth medium: — 

lacto-albumin hydrolysate ............. 5-10 

b. Maintenance medium: 

synthetic medium 199 ................. 92 


Attempts to cultivate the virus have been made also 
in human liver cells (Chang’s strain) and in rabbit 
kidney cultures. 

For the cultivation in liver cells the media have 
been prepared as follows: ye 


Percent 
a. Growth medium: 
lacto-albumin hydrolysate ............. 5 
b. Maintenance medium : 
For the cultivation in rabbit kidneys: 
Percent 
a. Growth medium: 
lacto-albumin hydrolysate ............. 5 
b. Maintenance medium 
lacto-albumin hydrolysate ............. 5 


The HeLa and liver cells have been cultivated in 
flasks and then transferred into test tubes with 
trypsinization (trypsin Difco 1:250, diluted 0.25 
percent in Hanks solution). The cultures of the 
test tubes were used within two to four days from — 
their preparation, after having been washed three 
times in Hanks solution. 

The cultures in rabbit kidney were prepared by 
obtaining a suspension of the kidney through tryp- 
sinization. 


Complement fixation test has been per- 
formed following the “drop” microtechnique, 
on perspex plates, according to Fulton and 
Dumbell"* with the modification of Balducci.* 


_ As antigen the fluid of HeLa culture of an 


adenovirus type 3 strain was used; the fluid 
was collected when the cytopathic degenera- 
tion was almost complete, then frozen and 
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thawed three times and centrifuged at 600 
rpm for 10 minutes; the supernatant was 
employed as antigen, the optimum unit be- 
ing obtained by titration with positive hu- 
man serum. 
Neutralization tests have been performed 
in HeLa cells cultures. The sera for the test 
have been diluted 1:4 and then inactivated. 
Further dilutions have been made with 
Hanks solution in a volume of 0.60 ml. The 
same amount of undiluted virus suspension 


was added. The mixture was kept one hour © 


at room temperature and then two test tubes 
were inoculated with 0.5 ml. of the mixture. 


RESULTS 


Regarding the biologic behavior of the 


adenovirus type 8 in HeLa cell cultures we, 
too, in accordance with the observation of 
Jawetz and co-workers, have noted that the 
cytopathic effect progresses very slowly, 
even if, exceptionally, it can be observed 
after two or three days. 

In addition to this occurrence (which has 
been particularly embarrassing for us, ow- 
ing to the short time at our disposal before 
the date of epidemic keratoconjunctivitis 
symposium in San Francisco) the virus 
showed a particularly slow increase of the 
infectious titer; it actually never exceeded 
the figure of 107°. 

As already mentioned, attempts have also 
been made to cultivate the virus in human 
liver cells and in rabbit kidney but, in both 
instances, the results have been, for our pur- 
pose, practically negative. In effect, the liver 
cell cultures, even if surely sensitive, require, 
as the HeLa cell cultures and perhaps more, 
a long period to show growth. On the other 
hand, the rabbit kidney cultures do not seem 


to reach a specific cytopathic effect ; nor has 
it been possible to reisolate the virus in HeLa 
cell cultures, even if some apparent cyto- 
pathic effect was observed after about 48 
hours but without clear progression in the 


following days. 


The complement fixation and selinaion 
tion tests have been performed on sera of 
patients who had shown epidemic keratocon- 
junctivitis during the last 18 months or were 


still suffering from the disease. They came 


from the provinces of Rome, Grosseto (cen-_ 
tral Italy), Bologna, Ferrara, and Piacenza 
(northern Italy). 

From Table 4 it may be seen that the com- 
plement fixation test yielded positive results 
in 35 out of 62 cases. In four additional 
cases (table 6) the result was always posi- 
tive, bringing the total of positive reactions 
to 58.7 percent. 7 

The neutralization test in HeLa cell cul- 
ture gave definite results in only 19 tubes 
out of 66 sera, owing to the short time at 
our disposal. 

In spite of the limited number of patients 
who could be analyzed, the results obtained 
appear of importance because of the high 
positive titer for adenovirus type 8 in the 
majority of these cases. 

From four of our patients, paired sera 
could be obtained; the former during the 
acute phase, the latter two weeks after the 
onset of the conjunctival changes. The re- 
sults, seen in Table 6, are highly signifi- 
cant. 
In addition to the aforementioned data 


the results previously obtained by Jawetz and 


co-workers from serologic examinations on 
other sera sent by one of us (Bietti) from 
Italy should be remembered. Personal com- 


TABLE 4 


RESULTS OF THE COMPLEMENT-FIXATION TEST FOR THE ADENOVIRUSES IN EPIDEMIC KERATOCONJUNC- 
TIVITIS PATIENTS FROM DIFFERENT ITALIAN PROVINCES 


Dilution <1:4 1:4 
No. of sera 27 11 


>1:32 


1:8 1:16 
13 5 1 


1:32 
5 
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TABLE 5 


RESULTS OF THE NEUTRALIZATION TEST FOR THE ADENOVIRUS TYPE 8 IN 19 EPIDEMIC KERATOCONJUNC- 
TIVITIS PATIENTS FROM DIFFERENT ITALIAN PROVINCES 


Dilution 


<1:32 
No. of sera 4 


1:32 
4 


1:64 - 1:128 >1:128 
4 2 5 


TABLE 6 


RESULTS OF THE COMPLEMENT-FIXATION AND NEUTRALIZATION TESTS IN PAIRED SERA (IN THE ACUTE 
PHASE AND 15 DAYS AFTER ONSET OF EPIDEMIC KERATOCONJUNCT IVITIS) OF FOUR PATIENTS 


is Complement Fixation Neutralization 
er ist Test 2nd Test ist Test 2nd Test 
U. F; (Rome) <1:4 1:16 1:64 1:512 
P. G. (Rome) 1:8 1:32 1:256 >1:512 
A. G. (Rome) 1:8 1:32 >1:512 
P. S. (Rome) 1:6 anticompl 1:32 >1:512 


munications from Thygeson informed us of 
the isolation of the adenovirus type 8 strain 
in Jawetz’s laboratory. 

Thirteen sera belonging to patients teen 
the Como Lake area in northern Italy 
(where our co-worker, Giardini, had recent- 
ly observed a typical epidemic keratocon- 
junctivitis) and 24 control sera (from Como 
and Parma) were thus examined. The sera 
of the 13 patients with epidemic keratocon- 
junctivitis constantly showed the presence of 
neutralizing antibodies: five at a titer of 
1:20; four at 1:4; four at 1:50. The neu- 
tralization tests performed on the 24 con- 
trol sera always gave negative results; only 
one case was positive at the 1:10 titer.*® 

By adding these results with those more 
recently obtained by us, it appears that, 
among 36 patients from Italy who had epi- 
demic keratoconjunctivitis during a period 
of 18 months or less before the serologic 
examination, 32 showed positive neutraliza- 
tion tests for the adenovirus type 8. 

We feel that these findings further sup- 
port the importance of the role of the adeno- 
virus type 8 in the etiology of the epidemic 
keratoconjunctivitis. 

Attempts have also been made by us to 
transmit epidemic keratoconjunctivitis ex- 
perimentally in human volunteers by using 


the adenovirus, type 8 strain obtained by 
Jawetz. 

The infectious material has been repre- 
sented by HeLa cell culture fluid of the 
virus. It has been inoculated in two groups 
of adult volunteers (of five and three in- 
dividuals respectively) by instilling the fluid 
twice a day (every 12 hours) for three days 
into the conjunctival sac. 

The daily examination of the inoculated 
volunteers, however, did not permit detection 
of any sign of conjunctival or corneal in- 
flammation in 10 days. 

Causes of failure in transmitting the dis- . 
ease could have been: (1) Too low an infec- 
tious titer of the inoculated material; (2) 
inoculation without scarification of the con- 
junctiva ; (3) possible immunity-state of the 
inoculated individuals ; (4) lack of additional 
factors (herpes virus, trauma, and so forth, 
according to Jawetz, Thygeson, and co- 
workers’) which could make the infection 
with adenovirus type 8 effective. 

In examining the afore-mentioned hy- 
pothesis we think that the presence of neu- 
tralizing antibodies cannot be considered as 
a probable occurrence in every inoculated 
subject. 

Regarding the importance of another fac- 
tor (herpes virus, for example) it does not 
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seem to be absolutely necessary in order to 
provoke the disease, at least experimentally, 
according to the recent findings of Mitsui.* 

We think that the cause of failure in the 
experimental transmission of epidemic kera- 
toconjunctivitis in our hands can probably 
be found in the low titer of virus or perhaps 
in the inoculation technique. 

Our apparently negative results in repro- 
ducing an experimental disease cannot, 
therefore, be considered of definite value in 
assessing the mode of infection with adeno- 
virus type 8 in epidemic keratoconjunctivitis. 


SUM MARY 


1. Epidemic keratoconjunctivitis was first 
seen in Italy in 1942, possibly due to the 
presence of soldiers coming from central 
Europe where the disease was very prevalent 
at that time. | 

2. In the following years epidemic kerato- 
conjunctivitis was encountered in practically 
every Italian region but rarely with a true 
epidemic aspect. 

3. Our observations cover about 2,500 
cases seen in Sassari, Pavia, Parma, and 
Rome, and show that corneal involvement 
has a different incidence in different years 


* One of us (Bietti) had the opportunity during 
the present experiment to see the results obtained 
by Mitsui in Japan after inoculation of volunteers 
with the same adenovirus type 8 strain used by us. 

Mitsui inoculated five volunteers and observed 
in four cases, four to eight days after incubation, 
an acute conjunctivitis, followed in three cases, 
eight to nine days later, by a typical keratitis. It 
should be noted that, in the negative case, in spite 
of three successive inoculations, the titer of the 
neutralizing antibodies was 1:20 and 1:40 before 
the imoculation. 

In the positive cases an increase of antibodies 
was observed (Jawetz and co-workers), including 


the subject who did show corneal involvement. | 


Bietti examined personally two of the positive pa- 
tients and could confirm in both cases the typical 
aspect of the corneal changes of epidemic kerato- 
conjunctivitis, even if the infiltrates were of limited 
number. 

Mitsui was finally able to re-isolate the virus from 
two of his cases and also to obtain a new strain 
from a spontaneous case of epidemic keratocon- 
junctivitis, where the isolation was performed on 
the second day from the infection. 


and areas, and at different ages (being 
more common in adults), and that aspects 
different from the typical ones may occur. 
Antibiotic therapy is considered without 
effect. | 

4. A summary of the clinical and epidemi- 
ologic patterns of epidemic keratoconjunc- 
tivitis in Italy, based upon information gath- 
ered in the different parts of the country, 
is reported. 

5. Serologic investigations have been per- 
formed on sera of patients with still-active 
epidemic keratoconjunctivitis or who had 
had the disease not more than 18 months 
earlier. For the complement-fixation test an 
adenovirus type 3 strain was used, while for 
the neutralization test the adenovirus type 
8 strain isolated by Jawetz, Thygeson, and 
co-workers,’® was employed. 

Complement-fixation tests (group reac- 
tion for the adenoviruses) gave 58.7 percent 
positive results (dilutions of 1:4 or more) in 
66 sera. Neutralization tests were positive 
(at dilutions of 1.32 or more) in 15 out of 
19 sera. In further 13 sera of patients with 
epidemic keratoconjunctivitis from Italy 
which were sent to Jawetz for examination, 
the neutralization test was positive (eight 
times at dilutions higher then 1:10), while 
it was practically always negative in 24 con- 
trol sera, also from Italy. 

6. The attempts to reproduce the disease 
in human volunteers did not give definite re- 
sults, probably owing to the low infectious 
titer of the infective material. — 

7. These investigations bring further sup- 
port to the views which consider the adeno- 
virus type 8 as playing an important role in 
the etiology of epidemic keratoconjunctivitis. 


ADDENDUM 


One group of eight volunteers was inocu- 
lated with adenovirus type 8 by dropping tis- 
sue culture material into one eye. None of 
them developed any lesions. A second group 
of six volunteers was inoculated with simi- — 
lar infective material after scarification of the 
cornea. All six developed follicular conjunc- 


| 
4 
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TABLE 1 
SUMMARY OF THE CLINICAL AND EPIDEMIOLOGIC CHARACTERISTICS OF EPIDEMIC KERATOCONJUNCTIVITIS IN ITALY 


Morbidi Epidemics Among % % rly | Concomitance 
ty Mean Duration of ereen Mean Duration Marked | or 
Years of Seasonal erences Sporadic Places, Occasions and Factory Workers, oan ou Sim Onset of of Cases of Marked Con- Forms not | Uncommon Corneal In- ; Effectiveness 
Locality Distribution Cases Modalities of Contagion gic orks,| the Conjunctivitis| Corneal Unilateral Involvement ded by| Complications Effectiveness of Drugs 
Keratitis tivitis vea Febuilis 
 Tesiao 1947-1948 | Winter Time t | Some cases Eye dispensaries, hospital | Fiat factory 20 days 10.7% | 7 days (re- 25 days Minority Sometimes little Effective in association Chloramphenicol +corti- 
1951-1952 Rapid decrease in males wards, ocular surgery cently even epithelial bullas site 
1955-1956 | during spring ) less) 
Vercelli 1954 April, May, June Hospital eye department 
: Familiar diffusion in 12 di 7 25 Mu t secretion in 12 
Novara 1955 Prodoani t arnt ed days 33% days days 58% acim plot 8% In about 19% Not determinable results | Nil 
F October to | Exclusi Some cases in Eye dispensaries Severe epidemics 7 days 69. 5% 10-15 days 1-3 months 77.3% Someti bundant ti 
Genova 1953-1954 rom vely cht Quite variable results Terramycin 
955 | F December Predominant | Some cases Familiar diffusion and 15 days 15% 8-15 days /|Not easily deter- 10% Mucopurulent and Deep i In some cases | One Not effective 
(85%) | times more than onset of punc- ) 
| 1 yr. sup. ker. 
Pavia 1949 From to None 30-40 yearly Family, hospital wards or | Necchi factory 15-20 days * 20% 8-25 days 3-6 months 10% Pseud b cases Someti favorabl aie 
1956 
Milano ebruary N Some cases thalmic dispensaries Few da in 60-7 30 3-8 months Some cases : 
1958-1956 March cased 1956. Seems not to beeffective | Zinc sulfate 
volvement 
N Some Familiar diffusion 8-15 Variable, not |From some weeks Nil Pseudomembranous and pseudo-| Very rare | Su ulcera- i 
Bergamo 1955-1956 | Winter time one cases days ble, mee ——— Favorable results jeter or chloram- 
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dominant in more rarely oe 
| males Cyclotropine 
1943 From September | Predominant | On a 20 , sometimes 4-10 da 30-40 = 
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tivitis compatible with epidemic keratocon- persons developed spontaneous conjunctivitis 
junctivitis. Three of them showed superficial of the epidemic keratoconjunctivitis type and 
keratitis and of these two also developed per- two of them also developed typical corneal 
sisting subepithelial round opacities typical lesions. Details of these experimental inocu- 
of epidemic keratoconjunctivitis. Among lations with adenovirus type 8 will be pub- 
contacts of these volunteers seven additional _ lished elsewhere. 
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Very rarely have two eye diseases been so 
widely confused as nummular_ keratitis 
(Dimmer) and epidemic keratoconjunctivi- 
tis. Confusion in the literature has there- 
fore occurred and this has made studies on 
etiology more difficult. The mistaking of 
these two diseases is surprising in view of 
Dimmer’s excellent description of his cases 
in 1905, and in view of Salzmann’s presen- 
tation of more than 40 masterly illustrations 
in his detailed work in 1934. These made it 
possible to see at a glance the characteristics 
of nummular keratitis, especially its pleo- 
morphism, which distinguish it from epi- 
demic keratoconjunctivitis. 

As an excuse for the many misunderstand- 
ings in the literature, one can state that 
nummular keratitis (Dimmer) is limited 
principally to a relatively. narrow territory 
in the middle of Europe ( Pillat, 1940), al- 
though the publications of Chen in China 
and of Woods and Elwyn in the United 
States indicate that it may also occur in 
other parts of the world. In any event, most 
of the authors writing on the subject have 
referred to the disease without being certain 
of its clinical appearance (Meisner, Schwi- 
talla, Jancke, and others). It would seem that 
this error could have been avoided, not only 
by referring to Salzmann’s illustrations of 
nummular keratitis, but also by following 
closely the appearance and clinical course of 
the disease. 

All the authors familiar with it, such as 
Dimmer, Salzmann, Aust, Jesse, Pillat, and 
others, describe the appearance of the num- 
mular foci on the cornea in association with 
an almost unirritated and uninflamed con- 
junctiva. Typically there is no nummular 
keratoconjunctivitis, only a nummular kera- 
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titis; that is, the dramatic conjunctival in- 
flammation which precedes the involvement 
of the cornea in epidemic keratoconjuncti- 
vitis does not occur in nummular keratitis. 

I am fully aware that the eyes may occa- 
sionally be inflamed in nummular keratitis, 
and that in epidemic keratoconjunctivitis 
there may occasionally be only minimal con- 
junctivitis. I also know that there are occa- 
sional severe cases of epidemic keratocon- 
junctivitis in which the corneal foci may 
coalesce so as to give a nummular appear- 
ance. For such exceptional cases there are 
special causes which I shall undertake to 
explain in another paper. 

In order to remove the misunderstandings 
in the literature regarding the morphology 
of these two corneal diseases, I wish to pre- 
sent pictures and photographs of some of my 
own cases. I had the opportunity to study 
two large-scale epidemics of epidemic kera- 
toconjunctivitis in Graz (1942-1944) and in 
Vienna (1951-1952), and have seen many 
cases of nummular keratitis in Styria (114 
cases) and Vienna during the last nine years. 


NUMMULAR KERATITIS 


FiGuRE 1 

Nummular keratitis of several months’ 
duration in the right eye of a man, J. H., 
aged 31 years (case history 983/40). Ac- 
cording to the patient the eye never was in- 
flamed; foreign-body sensation and photo- 
phobia during the late fall of 1939 were the 
only subjective symptoms. The localization 
of the foci is evident from the figure: most 
of them are situated in the central part of the 
cornea but five are peripheral. In spite of the 
fact that the foci in this case are similar in 
size and form, one recognizes the different 
developmental stages and the tendency of the 
foci to coalesce. 
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Fig. 1 (Pillat). Nummular keratitis in a man. 


FIGURE 2 

Nummular keratitis in a 52-year-old farm 
woman a few weeks after suffering from 
foreign-body sensation and epiphora and 
with a three-week history of diminished vi- 
sion (case history 262/43). 

All corneal foci are diffuse and lie in a 
common area of opacification which gives 
the impression of a confluence of the foci. 
Fresh foci show a dense white center which 
I have called a “nucleus.”’ In old foci (left 
side of picture) the center is also dense but 
only diffusely opaque. In the focus at the 
6-o’clock position the resorption of the “nu- 
cleus”’ has led to the formation of an annular 
opacity. 

Central foci are never vascularized. Pe- 
ripheral foci show superficial new-vessel for- 
mation (at the 12- and 7-o’clock positions) 


and often also deep new-vessel formation » 


(at the 8-o’clock position). Since the num- 
mular foci are nearly always in the anterior 
quarter of the corneal stroma and only rarely 
lie deeper, this deep corneal vascularization 
is also generally in the anterior corneal lay- 
ers. Figure 2 illustrates a more recent illness 
than Figure 1 and also shows the different 
developmental stages of nummular keratitis. 


Fig. 2 (Pillat). Nummular keratitis in a woman. 


The further course of the disease has been 
described in the papers already cited: 

The corneal foci slowly lose the edematous 
halo and attain the coinlike form which has 
given the disease its name, or else coalesce 
to form larger opaque areas as drawn by 
Salzmann and as seen in Figures 1 and 2. 
The “nuclei” of the foci slowly disappear 
by resorption so that the central part of 
many foci becomes depressed below the sur- 
face of the cornea. These corneal facets, or 
depressions, cannot be stained by fluorescein 
because in this stage of the disease the cor- 
neal epithelium covering the foci is again 
normal. The facets can persist for months. 
The foci in time lose the appearance of dew- 
drops and form a very fine network of opa- 
cities. 

During the healing process the peripheral 
foci disappear first, often as a result of new- 
vessel formation. In the central foci the cica- 
trization below Bowman’s membrane changes 
over the years into more or less normal cor- 
neal tissue and the opacities may entirely dis- 
appear. 

‘Fresh foci of nummular keratitis are often 
interconnected with fine lines which consist 
of dewlike points. Such lines can be observed 


60 A. PILLAT 


clearly with the slitlamp above the level of 
the foci, that is, either in the epithelium or 
in Bowman’s membrane. I have no doubt 
that they indicate the route of infection, but 
they are quite different from the dendritic 
figures of herpes infection of the cornea. I 
do not agree with Salzmann who concludes 
on the basis of these connecting lines that 
nummular keratitis is a herpetic disease, or 
at least related to herpes corneae. In num- 
mular keratitis the hypesthesia of the cor- 
nea so characteristic of herpes is nearly al- 
ways missing. The linear connection of the 
corneal foci seems to me to be a general sign 
of a virus disease of the cornea. It also oc- 
curs in epidemic keratoconjunctivitis. 


EPIDEMIC KERATOCONJUNCTIVITIS 


While I never have observed an eye at the 
beginning of the subjective signs of nummu- 
lar keratitis, nor even in the first stages of 
the corneal lesion itself, it has frequently 
been possible to observe the involvement of 
the cornea in epidemic keratoconjunctivitis 
from its inception to the development of uni- 
form, small corneal foci. 

Figures 3 to 6 show the development of 
epidemic keratoconjunctivitis in a 23-year- 
old woman. 


Fig. 3 (Pillat). First stage of epidemic keratocon- 
junctivitis in a 23-year-old woman. 


Fig. 4 (Pillat). The second stage in the same 
patient as in Figure 3. 


The first stage of the keratitis (fig. 3) 
begins while the conjunctivitis, or so-called 
“Schwellungskatarrh,” is at its peak or just 
diminishing; there is at this time marked 
involvement of the tarsal conjunctiva and 
hyperemia of the bulbar conjunctiva. Ini- 
tially the corneal epithelium is roughened 
and the reflex is somewhat dull and irregular. 
When exposed to air, the central corneal 
epithelium dries out after 10 to 20 seconds. 
Within the first 24 hours fine — punc- 
tate opacities appear. 

In the second stage (fig. 4) the corneal 


epithelium becomes irregularly opacified and 


the foci stain with fluorescein. These foci 
are still in the epithelium but behind them 
the superficial layers of the corneal stroma 
are already edematous. This epithelial infil- 
tration usually spreads in the next day or 
two over most of the cornea and presents a 
picture approximating that of a keratitis 
punctata superficialis epithelialis (fig. 5) 
whose foci lie between the punctate epithe- 
lial opacities mentioned in the description of 
Stage 1 and are uniform in shape. 

This condition develops into Stage 3 
(fig. 6) within 24 to 48 hours. This stage is 
characterized by small, subepithelial, grayish, 
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Fig. 5 (Pillat). Beginning of epithelial infiltration. 


generally uniform, disclike foci lying under 
Bowman’s membrane. At this stage the epi- 
thelial involvement, which provides the basis 
for regarding epidemic keratoconjunctivitis 
-as a form of superficial punctate keratitis, 
disappears. 

As in nummular keratitis, the oan side 
epithelial foci are in the beginning composed 
of dewdroplike spots which sometimes de- 
_ velop “nuclei,” and which are also in many 
cases joined together by fine lines which lie 


more on the surface than the disclike foci 


themselves. The small discs are at first indis- 
tinct but are later sharply circumscribed and 
show a tendency to coalesce only in excep- 
tional cases. Even when they are close to- 
gether and numerous (30 to 70 foci), they 
remain distinct and separated. 

In epidemic keratoconjunctivitis minimal 
vascularization of the cornea’can also ap- 
pear in foci near the limbus. Even then the 
foci can be seen by slitlamp examination to 
lie directly under the epithelium in the su- 
perficial corneal layers. As the number of 
disciform corneal foci is almost always 
smaller than the number of epithelial foci in 
Stage 2, and since these corneal foci usually 
show an even distribution in the central part 
of the cornea, I believe that the neurotropic 


Fig. 6 (Pillat). The third stage. 


virus reaches the ‘superficial corneal layers 
from the epithelium by way of the rami 
perforantes of the corneal nerves through 
Bowman’s membrane. In epidemic kerato- 
conjunctivitis the slight depression of the 
corneal surface so characteristic of nummu- 
lar keratitis can be observed only rarely. 
The resorption of the corneal foci can be 
complete in from six to eight weeks but in 
our experience usually lasts from six months 
to two years. 

To remove all doubts arising from any in- 
accuracies that may have occurred in the re- 
production of the drawings, I submit the fol- 
lowing six photographs of the anterior sec- 
tor of the eye which I made with the Zeiss 
stereocamera. Three cases of nummular 
keratitis (figs. 7 to 9) and three cases of 
epidemic keratoconjunctivitis (figs. 10 to 
12) were selected arbitrarily for these photo- 
graphs which are best. viewed in pairs. Per- 
tinent parts of the stereophotos have been 
enlarged so that the magnification of the cor- 
nea is constant. These photographs show 
clearly the following: 

1. That on the average the foci in num- 
mular keratitis are substantially larger than 
the foci in epidemic keratoconjunctivitis. 

2. That corneal foci in nummular keratitis 
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Fig. 8 


Figs. 7, 8, and 9 (Pillat). Three cases of nummular keratitis. 


Fig. 9 


Fig. 10 


Fig. 11 


Fig. 12 


Figs. 10, 11, and 12 (Pillat). Three cases of epidemic keratoconjunctivitis. 


are usually more dense, that is, whiter, than 
the corneal foci in epidemic keratoconjunc- 
tivitis. 

3. That the lesions of nummular keratitis 
are less uniform than those of epidemic 
keratoconjunctivitis. 

4. That the nummular foci have more of a 
tendency toward confluence (figs. 7 to 9), 
even when they are less crowded together 
(fig. 8), than the foci of epidemic kerato- 
conjunctivitis (fig. 10). 

In conclusion, a few characteristic signs 
of nummular keratitis and epidemic kerato- 
conjunctivitis are listed for comparison. This 
list and the photographs establish that we 
are dealing with two different corneal dis- 
eases. That certain details can be common 
to both diseases, for example, the develop- 
ment of fresh foci from dewdroplike dots, 
and the intercommunication of single foci 
through fine lines, confirms my opinion that 
in both instances we are dealing with a virus 
infection. The interconnection of individual 
foci by fine lines does not occur in corneal 
lesions caused by bacteria or fungi. I be- 


lieve, therefore, that this feature is peculiar 


to viral diseases of the cornea (Pillat, 1943). | 


SUMMARY 


The differential diagnosis (table 1) of 
nummular keratitis and epidemic keratocon- 
junctivitis is presented by means of short 
descriptions of the clinical manifestations of 
the two diseases and by illustrations. 

To offset the possibility of subjective mis- 
takes by the illustrator, enlarged photo- 
graphs of three corneas with nummular 
keratitis and of three corneas with epidemic 
keratoconjunctivitis are submitted. These 
enable the observer to see clearly the mor- 
phologic differences between the two dis- 
eases. | 

A comparison of the principal symptoms 
of both diseases, and an analysis of the an- 
amnestic and clinical data, should help in the 
differential diagnosis. 

Nummular keratitis and epidemic kerato- 
conjunctivitis are two unrelated diseases of 
the cornea which are probably both caused 
by viruses. The causal viruses are unrelated 
to each other or to herpes virus. 

First Eye Clinic. 
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. TABLE 1 


DIFFERENTIAL DIAGNOSIS OF NUMMULAR KERATITIS AND EPIDEMIC KERATOCONJUNCTIVITIS 


Signs 


Nummular Keratitis 


Epidemic Keratoconjunctivitis 


Population 


Almost exclusively farmers 


Principally city dwellers 


Causes ascribed by the patient 


Result of minor lesions sustained — 


during farmer’s activity (thresh- 
ing, hay-making, etc.) 


Following small ophthalmological 
interventions and operations 


Form of occurrence 


some years more 
abundant 


Epidemically ; also isolated cases 


Seasonal appearance 


Spring and autumn 


? 


Geographic occurrence 


Austria: eastern margin of Alps 
as far as white Carpathians; Indo- 
nesia, China, United States 


Everywhere in the northern hem- 
isphere 


Systemic involvement None Usually slight influenza-like ill- 
ness 

Lymphadenopathy Not observed An almost constant feature 

Sex No recognizable predilection for either sex 

Age All ages Middle age 


Infection of one or both eyes 


Usually one eye only 


Usually both eyes 


Conjunctival reaction 


None, but nothing is known about 
onset 


Severe conjunctivitis 6 to 10 days 
before keratitis 


Onset of corneal lesion 


Slow, creeping 


Sudden 


Size of corneal foci 


0.5 mm. to 2.0 mm. 


Usually smaller than 0.5 mm. 


Form of corneal foci Roundish but irregular owing to | Round 
coalescence 

Number of corneal foci 1-10, occasionally 20 10-60 

Facet formation : The rule Rare 


Thickness of corneal foci 


1/5 to 1/3 of the corneal thickness 


1/8 to 1/5 of the corneal thickness 


General aspect of the cornea 


Pleomorphic lesions 


Uniform lesions 


Involvement of the deeper layers of 
the eye 


None 


Rare in severe cases 


Vision 


Diminished when large corneal 
foci develop 


Initially diminished, later normal 


Late course in corneal foci 


Disappear in from 2 to 8 years 


Disappear in from 8 weeks to 2 
years 
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KERATITIS SUPERFICIALIS TROPICA 


A DISEASE OF SOUTHEAST ASIA CLOSELY RESEMBLING 
EPIDEMIC KERATOCONJUNCTIVITIS 


THe COoMMITTEE* ON KERATITIS SUPERFICIALIS TROPICA 
Colombo, Ceylon 


1. Keratitis superficialis tropica is the 
name given locally to a common disease of 
southeast Asia which is characterized by a 
nonpurulent conjunctivitis followed by a 
keratitis with corneal opacities. In this re- 
spect it closely resembles epidemic kerato- 
conjunctivitis, yet at the present moment 
there are enough differences to justify a 
difference in nomenclature. The problem to 
be decided is whether keratitis superficialis 
tropica as seen in Ceylon is an infectious 
disease and if so whether it is related to 
epidemic keratoconjunctivitis. In February, 
1956, a study was commenced in Colombo 
with the objective of determining the possi- 
ble relationship of keratitis superficialis 
tropica to epidemic keratoconjunctivitis and 
this paper incorporates the findings of the 
past four months. 7 

2. Classical epidemic keratoconjunctivitis 
is common in the tropical parts of Asia, and 
very large epidemics have been described. In 
published reports, there seem to be no major 
variations between the disease in Asia and 
America. Keratitis superficialis tropica is 
distinctive in that, superficially at least, there 
is no evidence of person to person transmis- 
sion, and many physicians regard it as non- 
infectious. 

3. The disease is very common in Ceylon. 
At the Victoria Memorial Eye Hospital, Co- 
lombo, which has 200 beds and an average 
of over 400 out-patients a day, there were, 
in 1954, 2,240 cases of keratitis superficialis 
tropica seen as out-patients and 156 treated 
as in-patients. In 1955 the out-patient figures 
had increased to 3,479. Approximately 


* T. R. Jansen, chairman, Victoria Memorial Eye 
Hospital, Colombo, Ceylon; A. Viswalingam, 69/1 
Ward Place, Colombo, Ceylon; P. Sivasubrama- 
niam, A. T. Navaratnam, O. L. F. Senaratne, and 
K. J. L. de S. Deva Aditiya, Victoria Memorial Eye 
Hospital, Colombo, Ceylon; P. Silva; and T. A. 
Cockburn, c/o WHO, Box 1505, Colombo, Ceylon. 


100,000 treatments a year are given in the 


dispensaries scattered through the island. In 


a country with a population of less than eight 
million, this represents a substantial attack 
rate, and if the disease is present in the same 
proportions in other countries in southeast 
Asia, then it is a major medical and public 
health problem in this area. 

4. A comparison of keratitis superficialis 
tropica as seen in Ceylon in 1956 with classi- 
cal epidemic keratoconjunctivitis reveals the 
following differences : 

1. There has been no history of contact of 
any of the cases studied with other cases, 
although numerous patients have been close- 
ly questioned on this point. Three epidemics 
of reported keratitis superficialis tropica 
have been investigated but all proved to be 
caused by pus-forming organisms. : 

2. All cases of keratitis superficialis tro- | 
pica except one investigated in the past four 
months have had only one eye affected, 
whereas in epidemic keratoconjunctivitis 
commonly both eyes are involved. 

3. In no. instance has the preauricular 
gland been enlarged. 

4. Sometimes the opacities in the cornea 
are very much larger in keratitis superficialis 
tropica than in epidemic keratoconjunctivitis, 
so that occasionally up to 50 percent of the 
cornea may be affected. 

Apart from these points, the two diseases 
are very similar, both having a nonpurulent 
conjunctivitis followed by a keratitis with 
corneal opacities and no staining with fluo- 
rescein. In most cases seen individually, 
the diagnosis could be either keratitis super- 
ficialis tropica or epidemic keratoconjunctivi- 
tis. Specimens are being collected for testing — 
against the group of adenoviruses in the 
hope of discovering whether there are two 
separate diseases in southeast Asia, or mere- 
ly variations of one. : 


ETIOLOGY OF EPIDEMIC KERATOCONJUNCTIVITIS 
BASED ON 1942 STUDIES* 


Murray SANDERS, M.D. 
South Miami, Florida 


The present communication is limited to 
experiences involving studies of possible 
etiologic agents in the New York State epi- 
demic keratoconjunctivitis (EKC) outbreaks 
in 1942. Dr. F. S. Cheever’ has kindly sent 
me his manuscript in advance of this meet- 
ing, and, with one exception,’ it is clear 
that a careful history of epidemic keratocon- 
junctivitis events subsequent to 1942 has 
been recorded. In this report, consideration 
is also briefly given to several clinical facets 
of the disease, but only in respect to poten- 
tial effects on pathogenesis. 

It would be unrealistic not to recognize 
there have been points of confusion which 
arose in the field of virology subsequent to 
the isolation of a filterable agent purported 
to be the cause of the New York cases of 
epidemic keratoconjunctivitis, and the cur- 
rent symposium is a good opportunity to 


in the present symposium. Mention of clin- 
ical observations is here made incidental to 


the 1942 outbreak in New York State only 


correlate, before a scientific group, the 1942 


experiences. | 
Primarily, consideration must be given to 


objectivity so that errors, if there were any, 


are not repeated, On the other hand, correl- 
ative data may reveal interesting and useful 
relationship within the field of virology. 
The clinical aspects. of epidemic kerato- 
conjunctivitis have been adequately discussed 


* From the Department of Microbiology, Univer- 


3 sity of Miami. 


where they may have some bearing on im- 
munologic and etiologic aspects. 

Aside from the characteristic ocular in- 
volvement, the following points were noted 


in New York in 1942: 


1. Lymphadenopathy was common and 
pronounced, and of several weeks’ duration. 
One or more, or all, groups of the following 
glands were involved—preauricular, cervical, 
and submental. 

2. Headaches were frequently associated — 
with the ocular disease, pain varying in in- 
tensity and sometimes beginning within 36 
hours after the onset of the conjunctivitis. 


It was noted the headaches were not relieved 


by analgesics. 

3. Rhinitis and sore throats were occa- 
sionally noted. 

4. Two patients from Schenectady? 
showed possible central nervous system in- 
volvement, marked by persistent and ex- 


treme drowsiness. It-was not unusual to find 


malaise and fever in conjunction with the 
ocular disease. | 

It is pertinent to present considerations 
that there may have been an increase in 


‘virulence of the agent responsible for the 


+t Cheever has properly emphasized the lack of — 


Patient E. L.’s serum to neutralize the virus re- 
ceived from New York. E. L. was the source of one 
of the early isolations. The serum test may or may 
not be valid. The conditions under which serum 
was obtained should be noted. When E. L. was 
finally located 10 years after his epidemic kerato- 
conjunctivitis infection, he was practicing ophthal- 
mology in Massachusetts. He was entirely co-opera- 
tive, but apparently had little experience in collect- 
ing serum. A whole-blood sample received in Miami 
from Massachusetts, after several days en route had 
obviously been subjected to considerable heat. This 
should be considered a poor sample for neutraliza- 
tion test. Nevertheless it was sent to Cheever with- 


out comment. 


65 


New York disease in 1942.* In the outbreak 
of epidemic keratoconjunctivitis, first seen 
on the west coast, the patients were usually 
incapacitated for one to two weeks, and cor- 
neal opacities of a transient character ap- 
peared in 40 to 75 percent of the cases. After 
passing through human hosts in the mid- 
west, and apparently finding an unusually 
fertile soil in the crowded factories of the 
east, the disease appeared to be more severe 
in the New York area than in California, 
judged by the more distressing subjective 
symptoms and the extended nature of the 
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acute stages, which lasted frequently for 
three or more weeks. Furthermore, the opac- 
ities were observed in as high as 85 to 90 
percent of the cases in the east, and there 
was a tendency for these corneal subepithe- 
lial spots to persist for many months. 

In March, 1942, a virus was presumably 
isolated from the eyes of two patients suffer- 
ing with epidemic keratoconjunctivitis at the 
College of Physicians and Surgeons, Colum- 
bia University, New York City. The diagno- 
sis was made in each instance by Dr. Phillips 
Thygeson, co-director of the Institute of 
Ophthalmology, Presbyterian Hospital, New 
York. Dr. Thygeson also made available 
scrapings from the conjunctival surfaces of 
these patients for staining, and for inocula- 
tion of material into tissue cultures and into 

mice. The details of the isolation have been 
published,** and it is known that a filter- 
able agent was isolated after primary incu- 
bation of the conjunctival scrapings in tissue 
cultures, and by subculturing embryonic 
mouse brain in tissue cultures. By intra- 
cerebral injection of scrapings or of emulsi- 
fied tissue culture material containing scrap- 
ings into mice, transient symptoms were 
noted. On a number of occasions conjunc- 
tival scrapings from normal individuals, or 
from persons suffering from nonbacterial 
infections of the eye other than epidemic 
keratoconjunctivitis, were submitted to the 
tissue culture-mouse intracerebral technique. 
The course of events in such instances was 
quite different from that noted in epidemic 
keratoconjunctivitis experiments. 

That the agent under discussion was not 
easily isolated is apparent from one series 
of experiments® where only two of 19 isola- 
tion efforts resulted in demonstrating a 
mouse to mouse transmissible virus. 

In the first virus isolation, the brain tis- 
sue from sick mice contained a demonstra- 
ble filterable agent after passage through 
embryonic mouse brain-serum ultrafiltrate 
cultures. 

The virus which was established in mice 
had an intracerebral between to 
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10° and the incubation period in mice varied 
from three to seven days, depending on the 
dilution injected. In tissue culture, the agent 
was maintained at 37°C. for three days be- 
fore subculture, but the best results were 
obtained with room temperature cultures 
after seven days. The virus was pathogenic 
for unweaned Swiss mice injected by intra- 
nasal, intraperitoneal, and _ intracerebral 
routes. For adult mice, however, only intra- 
nasal and intracerebral routes could be used 
for transmission of the agent, and in the 
case of rabbits only the intracerebral route 
was effective. The virus was not pathogenic 
for guinea pigs and albino rats (strain un- 
known). 

It is to be noted that the activity of the 
virus in the tissue cultures was-of a low 
order of magnitude, varying from 107% to 

10° in the majority of cultures, and only 
when the tissue was emulsified. 

The specific nature of the virus which 
was isolated in New York appeared to be 
established by neutralization with known 
convalescent serum, and the failure of neu- 
tralization to occur with serum specimens 
taken in the acute stages of the disease. 
This will be discussed later. 

On the basis of filtration experiments the 
agent appeared to be a small virus, since it 
passed with ease through a double Seitz 
filter and through collodion membranes with 
known average A.P.D.s. The graded collo- 
dion membranes which were used were ob- 
tained from Elford in England, and were 
checked for A.P.D. size before being used. 
Through these membranes the virus failed 
to pass when the A.P.D. was 25 to 30 mu, 
but it was not held back when the A.P.D.s 
were 50 to 75 mu. 

Only a single human volunteer was tested 
with this laboratory agent. In view of sub- 
sequent failures (with three possible excep- 
tions) to obtain similar strains of virus from 
epidemic keratoconjunctivitis patients, the 


human case is considered in some detail. Fur- 


thermore, although the point has not been 
made in 12 years, since Dr. Cheever has 


f 
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mentioned my role in the laboratory infec- 


tion, it can be stated that I was the human 
volunteer. 


On July 3, 1942, about 3,000,000 intra-. 
cerebral doses of the mouse virus were in- 


serted on the conjunctiva of the right eye, 
and with the eye closed the upper lid was 
rubbed for about one minute. A patch was 
kept over the eye for 30 minutes and two 
more drops of the infectious material were 
added. The source of the infection was a 
mixture of the 15th tissue culture generation 
containing a suspension of mouse brain 
from the first isolation. At that point Dr. 
Thygeson was informed of the experiment, 
and he observed the eye of the volunteer 
frequently. | 

After a four-day period no significant 
symptoms were noted, although a mild con- 
junctivitis with a few follicles was present. 
The cultures on secretion were negative and 
smears showed a few mononuclear cells with- 
out bacteria. There was no edema of the 
conjunctiva, nor was the preauricular gland 
on the infected side enlarged. After the four- 
day asymptomatic period, washings from the 
right eye were put into the left eye and ad- 
ditional infected mouse brain emulsion was 
rubbed into the lower conjunctiva of the 
right eye with a swab. One week after the 
first instillation of infectious material, and 
three days after the second, a diagnosis of 
epidemic keratoconjunctivitis was made at 
the Ophthalmological Institute, New York 
(fig. 

In view of the mild nature of the disease 
at that time, the situation was highly satis- 
. factory to all concerned. However, a week 
later, that is, two weeks after the beginning 
of the experiment, there was a painful sen- 
sation of a foreign body in the eye and 
what appeared to be an acute exacerbation 
ensued, Lacrimation was copious, and both 
the preauricular and submental glands on the 
right side were tender. The submental node 
was about the size of an almond. Nineteen 
to 26 days after the beginning of the experi- 
ment there was a general decrease in objec- 


Fig. 1 (Sanders). Right eye of human volunteer, 
one week after infection with the virus isolate of 
New York, 1942. Note follicles and exudate on 
edematous and hyperemic conjunctiva. (Printed 
with the permission of the editors of the Journal 
of Experimental Medicine from reference #5.) 


tive signs, with a diminution of mucous 
membrane hypertrophy. Moderate infiltra- 
tion and hypertrophy persisted, and several 
corneal opacities were noted in the infected 
eye. These opacities were not stained by 
fluorescein and were considered character- 
istic of epidemic keratoconjunctivitis. The 
opacities did not disappear for more than 
one year. | 

One of the most inexplicable aspects of the 
1942 experience with epidemic keratocon- 
junctivitis at Columbia, in view of difficul- 
ties which arose later, was the apparently 
straightforward, consistent, and specific neu- 
tralization of the New York virus by con- 
valescent serums from known epidemic kera- 
toconjunctivitis patients. By agreement be- 
tween Mrs. Alexander and me serum tests 
were run by number as much as possible. 
At the present writing, July, 1956, the 
total number of serums which were tested 
“blindly” cannot be given because of the lack 


of records dating back to 1942. However, 


it is a matter of published record’ that 118 
serums were tested, by number, for neutral- 
izing antibodies against the New York virus, 
and the results strongly suggested that the 
New York virus was related to the disease 
recognized as epidemic keratoconjunctivitis. 
It is to be emphasized that the serums tested 
in this study, and tabulated below (table 1), 
were derived from both the New York and 
the Schenectady areas. A number of the pa- 


ig 

: 

; 
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TABLE 1* 
EXTENT OF NEUTRALIZATION TO THE VIRUS OF EPIDEMIC KERATOCONJUNCTIVITIS SHOWN BY SELECTED SERA 
Cases Contacts 
Control 
Titer No. of eg Intimate No. 
of Neutralizing Early cies Late (5 mo. Known Total 
Serum Doses Ist 6-10 4-5 after Remote’ E.K. or 
Week Weeks Months Onset of Contact 
Case) 
10-6 0 30 4 7 4 28 73 
10 1 2 4 1 12 
10-* 100 2 3 a 5 
10-3 1,000 14 2 3 
10-2 10 ,000 7 te 7 
10-1 100 ,000 2 
Total 31 23 10 17 8 29 118 


* Korns, R. F., Sanders, M., and Alexander, R. C.: Epidemic keratoconjunctivitis: Correlation of epidemio- 
logic data and results of serum virus neutralization tests. Am. J. Pub. Health, 34: 567-571 (June) 1944. 


(Reprinted with the permission of the editors.) 


tients in Schenectady were vaccinated with 
the New York virus as part of a study car- 
ried out during the epidemic. However, there 
is little question that if any of these patients 
were included in the serum tests, the number 
must have been small.* Furthermore, the 
serum-virus studies in question could at best 
have been influenced by vaccination only to 
a minor degree, since individuals in New 
York City who contributed to these tests 
were not vaccinated. An attempt was made 
to learn specifically the number of the pa- 
tients from Schenectady who might have re- 
ceived New York virus, and who would 
have been in the 23 positive neutralization 
tests recorded in Table 1 since the evidence 
for neutralization was strong in this group 
and varied in individual serums from two to 
four logs of virus. 

The technique for neutralization has been 
described® and need not be repeated here. 
What is more important in attempting to 
evaluate the 1942 puzzle is that in addition 
to the 118 serums mentioned above, the fol- 
lowing serums from epidemic keratoconjunc- 
tivitis patients were tested against the New 
York virus and yielded consistent immuno- 
logic data: 


*The number and type of serums tested from 
Schenectady and New York City have been clarified 
by Dr. Korns and Dr. Braley. | 


A. Three serums from California sent by 
Dr. Hogan and taken one to six months after 
the acute disease.® | 

B. Seven paired serums from New York 
patients, that is, acute and convalescent phase 
specimens.® 

C. Nineteen convalescent serums from a. 
localized outbreak in New York City.® 

It is to be noted that of the 19 convalescent 
serums last mentioned, six were paired and 
showed a rise in antibody titer against the 
New York virus. 

In addition to specific tests against epi- 
demic keratoconjunctivitis serums, numerous 
tests were carried out against serums from 
unrelated keratitides and various types of 
conjunctivitides, In no instance was there an 
indication of in vitro immunologic reaction 
similar to that seen in epidemic keratocon- 
junctivitis. Similarly, tests against lynipho- 
cytic choriomeningitis and Theiler’s mouse 
virus made it clear we were not dealing with 
the well-known latent viruses. 7 


DIscUSSION 


In summary, it is easily understood, on 
the basis of the published record, why the 
workers who isolated the presumptive causal 
virus for epidemic keratoconjunctivitis in 
New York in 1942 were of the opinion that 
the problem was simple, and that the pro- 
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cedures employed were straight-forward. It 
was noted at various times that the virus in 
question was not easily isolated, but cer- 
tainly the difficulties which arose later were 
not anticipated. It is a matter of record that 
any qualified worker who requested a sample 
of the New York virus or serums received 
co-operative action as soon as possible. Per- 
haps the most confusing aspect of the entire 
situation was the herpes strain which Dr. 
Edward Lennette apparently received from 
my laboratory. That we were not deal- 
ing with herpes simplex seemed definite, 
simply on the basis of filtration studies and 
the large number of negative neutralization 
tests which were obtained against epidemic 
keratoconjunctivitis acute phase serums or 
normal serums. 

While it has been stated that there was 
no confirmation, or at best questionable con- 
firmation, of the work in New York, there 
are several points that should be made in 
reference to this. It is my opinion that con- 
firmation was obtained in the laboratories at 
the Johns Hopkins Hospital by Maumenee 
who reported on the herpeslike character of 
epidemic keratoconjunctivitis.? If Maume- 
nee’s work is carefully examined, the so- 
called “Case 1” or isolate No. 1 is interest- 
ing. This virus was filtered with ease 
through double Seitz pads and . . . “animals 
completely immune to herpes are killed by 
intracerebral inoculation of the E.K. virus.” 
This statement regarding E.K. virus made 
by Maumenee refers both to a virus sample 
sent by me, as well as to the virus isolated 
from Patient 1. There is little question that 
the other isolates of Maumenee were herpes, 
but it appears quite likely that the first strain 
was Closely related, or identical, to the New 
York agent. | 

Also, in relation to Maumenee’s work, the 
statements of Rake’? about herpetic infec- 
tions are pertinent.. Rake has emphasized 
that herpes is an ubiquitous agent with sig- 
nificant neutralizing antibody levels occur- 
ring in 90 percent of individuals over 15. 
Furthermore, he notes that herpetic isolates 


must be carefully evaluated as causative 
agents of disease. With these facts in mind, 
the course of Maumenee’s No. 1 isolation 
should be re-evaluated. The virus derived 
from the first patient was the only one of six 
strains in which inclusions were not corre- 
lated with infection and keratitis in rabbits 
and could not be induced with early passage 
material. Clinically, the first patient was the 
only one of six in whom subepithelial, non- 
staining infiltrates were noted. 

Since Maumenee’s strains, Nos. 2, 3, 
4, 5, 6, were almost certainly herpes, it is 
important that strain No. 1 retained indi- 
vidual characteristics. It is most unfortunate 
that this strain was not available for later 
study. This is a part of the Columbia puz- 
zle too, since it is to be noted that strain No. 
1 was sent to New. York and the responsi- 
bility is therefore bilateral. 

Other facets of confirmatory attempts 
have been well handled by Dr. Cheever, and 
need not be repeated here. Unfortunately, 
although it seemed that every reasonable pre- 
caution had been taken to insure maintenance 
of the virus, my absence for four and one- 
half years (1943-1947) from the laboratory 
at the College of Physicians and Surgeons, 
made it impossible to check back and to 
clarify points of confusion. What happened 
to the potent rabbit hyperimmune serum 
pool, and to various specimens of virus can- 
not be explained. 

Calkins and Bond** investigated the New 
York virus in eggs and found it was neu- 
tralized by both the New York rabbit hyper- 
immune and New York human convalescent 
serum. Again, attention is directed to the in- 
explicable course of events in connection 
with the New York virus. When the reports 
of the egg work and the neutralization data 
were received, the data appeared to be re- 
lated to a stable and reliable agent. Dr. 
Cheever has reported, however, that one 
source of his St. Louis encephalitis-related 
strain came from Calkins and Bond via 
Braley. It is this observation which is the 
most cogent one, in my opinion, that per- 
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haps, after all the 1942 virus was indeed 
antigenically related to St. Louis encepha- 
litis. 

The fact must be recognized that subse- 
quent to 1942 an agent similar to that tso- 
lated in New York, was not unequivocally 
obtained. The original workers have no 
doubt that the virus with which the hun- 
dreds of neutralization tests were carried 
out, and which produced in the human vol- 
unteer the characteristic course of epidemic 
keratoconjunctivitis, was the causative agent 
for the outbreaks of the disease in 1942, or 
was at least in some fashion related to the 
epidemic keratoconjunctivitis of 1942. There 
apparently are epidemic keratoconjunctivitis 
viruses which fall into the adenovirus 
group,” but a mouse pathogen, as described 
in 1942, should still be sought. It is a coin- 
cidence that in the early part of July, 1956, 
a communication was received from a capa- 
ble virus worker who wrote he believed he 
had isolated an agent similar to the one de- 
scribed by Mrs. Alexander and me in 1942, 
but he stated he wished to study the agent 
for a longer period of time, and he will un- 
doubtedly report when the data are unequiv- 
ocal. It appears that this agent is not adeno- 
virus type 8. Its titer in mice and its host 
range, as well as its general behavior, en- 
courage one to believe there still may be 
clarification of the present puzzle regarding 
the original virus. 3 

Whether our agent was related to St. 
Louis encephalitis is not clear. No tests 
were carried out in 1942 to determine this 
relationship, for the simple reason it did not 
occur to us to do so. As noted by Cheever, 
to the best of our knowledge we did not 
handle St. Louis encephalitis prior to 1950, 
either in the laboratory or in the field. 

Finally, it is desired to comment on the 
techniques used for isolation of the 1942 
virus under discussion. In this symposium, 
Jawetz and his colleagues*® have set up cri- 
teria “which must be fulfilled before a claim 
for the identification of the etiologic agent 
' of a viral disease . . . can be taken seriously.” 


The techniques for isolating the 1942 virus 
followed a classical pattern which forms 
the basis of virology. Indeed, more than 40 
agents have been isolated** from human and 
animal virus diseases by combining the use 
of tissue culture, fertilized egg techniques, 
and inoculation of experimental animals. On 
the whole they have been successful to a gra- 
tifying degree and it is safe to say they will 
not be discarded for some time. If the inter- 
pretation of the criteria of Jawetz et al.” 
is correct, there is an inference that trans- 
mission of isolate materials “in passage”’ is 
hazardous and inferior, whereas the newer, 
cytopathic techniques represent a more, or 
most desirable approach to isolation pro- 
cedures. Certainly recent trends in virology 
emphasize CPE and the present symposium 
is a good example of reliance on cytopathic 
changes. | 

In this report it is desired to express what 
is obviously a minority opinion. It is true 


_that occasionally the human factor is re- 


sponsible for loss of virus strain or confu- 
sion regarding its classification. But surely 
this can happen with any technique. One 
need only refer to any standard virus text 
to find such examples, for example, Aus- 
tralian X. However, granting that cytopathic 
findings are useful, it is important to main- 
tain an open mind about all techniques used 
for isolation of viruses. The possibility 
should at least be considered that the role 
of the experimental animal has been danger- 
ously minimized; and contrariwise the role 
of cytopathic agents may be dangerously ex- 
aggerated. The latter point should be viewed 
in relation to causative agents of disease, 
where multiple viruses may be carried in 
tissue culture systems, particularly noncyto- 
pathic change producers. For this reason the 
plaque technique of Dulbecco“ and his asso- 
ciates should be used wherever possible so 
that single genetic units can be tested for 
their capacity to produce disease as well as 
uniformity of CPE. me 


University of Miami. 
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THE RELATIONSHIP OF THE EPIDEMIC KERATOCONJUNCTIVITIS 
VIRUS OF SANDERS TO THE ST. LOUIS 
ENCEPHALITIS VIRUS* 


CHEEVER, M.D. 


Pittsburgh, Pennsylvania 


The purpose of this paper is to review 
the evidence bearing on the relationship of 
the virus of epidemic keratoconjunctivitis 
isolated by Sanders? in 1942 in New York 
City, to St. Louis encephalitis virus. Inas- 
much as Dr. Sanders has described the iso- 
lation of this agent in a previous paper on 
this program and Dr. Korns is to review the 
epidemiologic evidence bearing on the possi- 
bility that this agent was indeed the cause 
of the large scale outbreaks seen in 1942 and 


* From the Departments of Epidemiology and Mi- 
crobiology, University of. 
School of Public Health. 


1943, no further mention of these phases 
will be made here. The first part of this 


paper will be devoted to a chronologic ac- 
_count of the events leading to the discovery 


of the antigenic relationship of the two 
agents. The second part will summarize the | 
more important similarities and differences 
between the two agents. The third part in- 
cludes a brief account of subsequent efforts 
to link these viral agents (epidemic kerato- 
conjunctivitis virus of Sanders and St. Louis 
encephalitis virus) to outbreaks of clinical 
epidemic keratoconjunctivitis. 

In 1947, Dr. Heyl, Dr. Allen, and myself? 


= 
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were engaged in studies aimed at determin- 
ing the neutralizing antibody content of vari- 
ous pools of gamma globulin against the 
viruses of herpes simplex and lymphocytic 
choriomeningitis. Inasmuch as Maumenee, 
Hayes, and Hartman® had recently reported 
that an antigenic relationship existed be- 
tween the viruses of epidemic keratocon- 
junctivitis and herpes simplex it was thought 
desirable to determine if the various pools 
of human gamma globulin possessed neu- 
tralizing antibody against this latter virus as 
well. 

Attempts to obtain a sample of epidemic 
keratoconjunctivitis virus from Dr. Sanders 
failed ; he reported that all his stocks of virus 
and of specific antisera had been inadver- 
tently discarded while he was on military 
service during the Second World War. We 
were finally successful in obtaining a strain 
of the virus from Dr. Sanders’ associate, 
Dr. Braley. According to the latter,* this 
strain had been originally isolated by Dr. 
Sanders and carried through an undeter- 
mined number of mouse and egg passages. 
During the Second World War it was sent 
to the Upjohn Company in Kalamazoo, 
Michigan, where it was carried through an- 
other series of mouse and egg passages.® At 
the end of the war it was returned to Dr. 
Braley who confirmed its specific identifica- 
tion by neutralization tests and filtration 
studies.* | 

This strain when received through the 
kindness of Dr. Braley was labeled EK-TC 
17. We employed Dr. Braley’s designation 
(EK-TC 17) throughout our studies; sub- 
sequently Dr. Ruchman has referred to it 
as the “Cheever” strain. Our studies with 
gamma globulin showed that no neutralizing 
effect could be demonstrated against the 
lymphocytic choriomeningitis and epidemic 
keratoconjunctivitis viruses; on the other 
hand a definite though not marked neutraliz- 
ing effect could be demonstrated against the 
virus of herpes simplex.” The results of these 
studies (which were carried out in vitro) 
failed to demonstrate evidence of an anti- 


genic relationship between herpes simplex 
and epidemic keratoconjunctivitis, Subse- 
quent studies, carried out in vivo by Dr. 
Daikos and myself,® yielded similar results. 

In 1950, Dr. Ruchman requested us to 
send him this strain of virus inasmuch as he 
had been unable to obtain a strain of the 
epidemic keratoconjunctivitis virus of Sand- 
ers from other sources. In his hands the 
EK-TC 17 strain of virus yielded higher 
titers than those reported by previous inves- 
tigators; when it was tested with antisera 
against various neurotropic viruses it was 
neutralized by St. Louis encephalitis anti- 
serum and to a lesser degree by specific 
Japanese B and West Nile encephalitis anti- 
sera." These results were confirmed in our 
laboratory.® 

Following this Dr. Braley sent Dr. Ruch- 
man another strain of epidemic keratocon- 
junctivitis virus. This, labeled by Dr. Braley 
EK-103 P.61 but referred to by Dr. Ruch- 
man as the Braley strain, was believed to have 
been derived from the same pool of viruses 
prepared by Dr. Sanders in 1942 as was EK- 
TC 17. The former had been carried through 
at least 100 mouse passages. It was quickly 
shown by Dr. Ruchman’ as well as by my- 
self* to be closely related to St. Louis en- 
cephalitis virus. Systematic attempts were 
then carried out in both laboratories to de- 
termine the exact degree of this relationship. 
We were anxious to include in these tests 
one or more of the herpeslike virus strains 
isolated by Dr. Maumenee and his collabora- 
tors ; unfortunately all their stocks of viruses 
and of specific antisera had been discarded 
during the Second World. War. A third 
strain of presumed epidemic keratoconjunc- - 
tivitis virus was furnished Dr. Ruchman 
by Dr. E. H. Lennette who in turn had re- 
ceived it from Dr. Sanders in 1942; this 
agent was demonstrated by Dr. Ruchman to 
be identical with herpes simplex virus.® 

The results of the work carried out in the 
two laboratories**° may be summarized as 
follows: 

1, The two strains of epidemic keratocon- 
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junctivitis virus, EK-TC 17 and EK-103 
P.61, appeared to be identical. | 

2. It was impossible to distinguish St. 
Louis encephalitis virus (Hubbard and Web- 
ster strains) from epidemic keratoconjuncti- 
vitis virus by the standard intracerebral 
neutralization test. 

3. Cross immunity tests yielded evidence 
of a serologic relationship between the two 
agents, but the results were less clear-cut. 

4. As expected, some cross reactions were 
demonstrated between epidemic keratocon- 
junctivitis virus and West Nile virus and 
Japanese B encephalitis virus. 

5. Infectivity tests in various species gave 
somewhat different results with the two vi- 
ruses: for example, following intracerebral 
inoculation epidemic 
virus caused a fatal encephalitis in rabbits 
and guinea pigs as compared to St.. Louis 
encephalitis virus which caused no demon- 
strable clinical effects in rabbits and no more 
than a transient pyrexia in guinea pigs. 

Hammon and Sather™ have included epi- 
demic keratoconjunctivitis virus in their 
studies of the St. Louis encephalitis group 
of agents. They have concluded that, al- 
though it is closely related to all the strains 
of St. Louis encephalitis virus tested, cer- 
tain differences, such as greater virulence for 
some laboratory animals and greater anti- 
genic potency, tend to set it apart from the 
heretofore recognized strains of St. Louis 
encephalitis virus. In the course of their 
studies they demonstrated an antigenic rela- 
tionship between epidemic keratoconjunctivi- 
tis virus and Murray Valley encephalitis 
virus, as expected. 

~The points of similarity and dissimilarity 
of the two agents may now be compared. 
Both agents are essentially neurotropic, 
_ both are relatively small (less than 50 mmyp 
in diameter), both produce pathologic 
changes in the brain of the intracerebrally 
injected mouse which are characterized by 
perivascular lymphocytic infiltration and the 
presence of small inflammatory foci and 
focal glial proliferation. Neither virus gives 


keratoconjunctivitis 


rise to perivascular demyelination. As re- 
gards host range both agents are pathogenic 
for mice and young rats; the epidemic kera- 
toconjunctivitis virus of Sanders gives rise 
to a fatal infection in rabbits and guinea pigs 
following intracerebral inoculation, while St. 
Louis encephalitis virus produces but a mild 
or inapparent infection as a general rule. 
Monkeys may be infected with either agent 
by the intracerebral route of inoculation; 
both viruses may be propagated readily in the 
embryonated egg. | 

The two agents cannot be distinguished 
on the basis of the standard intracerebral 
inoculation test. Cross immunity experiments 
(the challenge of animals immunized against 
one virus by the other agent and vice versa) 
have yielded evidence suggesting that al- 
though the agents are antigenically related 


' certain definite differences do exist. These 


differences are somewhat greater than those 
recognized as existing between the well- 
known strains of St. Louis encephalitis virus 
—for example, Webster, Hubbard, Winkler, 
and others. | 

One point remains unclear. The original 
epidemic keratoconjunctivitis group of vi- 
ruses as described by Dr. Sanders* gave an 
LDso end-point of approximately 10°. The 
results obtained with strain EK-TC 17 in 
Boston in 1947 were similar. In Dr. Ruch- 
man’s hands both strains (EK-TC 17 and 
EK-103 P.61) when titrated gave LDso end- 
points of 10° or better’—a finding readily 
confirmed in our laboratory not only with 
material sent ‘by Dr. Ruchman, but also 
with aliquots of EK-TC 17 which had been 
passed but once after storage in the solidified | 
CO, cabinet since 1947.8 In commenting on 
this point in 1951 Dr. Braley* stated that 
when the EK-TC 17 strain of virus was re- 
turned to him by the Upjohn Company in 
1946 the LD; end-point was found to be as 
high as 10° 

Attempts were then made to investigate 
the relationship of the strains of epidemic 
keratoconjunctivitis virus (EK-TC 17 and 
EK-103 P.61) to the clinical disease de- 


74 §. CHEEVER 


scribed and studied by Dr. Sanders and Dr. 
Braley in 1942. As previously mentioned 
apparently only these two strains had sur- 
vived the war years, while no specific anti- 
sera were available from the New York 
studies. Due to the kindness of Dr. Sanders 
and Dr. Korns we were able, however, to 
obtain several specimens of human serum 
presumed to contain specific antibodies 
against the virus. 

It will be recalled that in his original 
papers Dr. Sanders’ described the inocula- 
tion of a human volunteer with the virus 
of epidemic keratoconjunctivitis by the ocu- 
lar route. The volunteer (Dr. Sanders him- 
self) developed what Dr. Thygeson de- 
scribed as a mild but characteristic case of 
the disease. A specimen of serum drawn 
just before the inoculation of the virus was 
devoid of demonstrable antibodies; a speci- 
men obtained a month later gave an anti- 
body titer of 1,000 neutralizing doses. Dr. 
Sanders furnished us with two specimens 
of his serum, one drawn in 1950, and one 
drawn in 1952. Both showed significant 
levels of antibody against both St. Louis 
encephalitis and epidemic keratoconjunctivi- 
tis viruses as follows: 


DATE SERUM DRAWN ~~ Log. Neutralization Index 


SLE* EKC(EK-TC 17) 
9/25/50 2.3 2.5 
5/12/52 2.1 2.9 


1950: Hubbard strain; 1952: Webster strain. 


So far as he knew Dr. Sanders had never 
had any contact vsith St. Louis encephalitis 
virus either in the field or in the laboratory 
before the date the 1950 serum specimen 
was drawn.’” 

In addition, Dr. Sanders was able to es- 
tablish contact with the patient E. L. from 
whom the original isolation of epidemic 
keratoconjunctivitis virus was made in 1942. 
Presumably E. L. had had no contact with 
St. Louis encephalitis virus from this date 
until the time 10 years later (1952) when 
he furnished a freshly drawn sample of his 
serum to Dr. Sanders for antibody studies.’? 


When this was tested in our laboratory no 


neutralizing antibodies could be demon- 
strated against either St. Louis encephalitis 
(Webster) or epidemic keratoconjunctivitis 
(EK-TC 17) virus. Similar results were 
obtained by Dr. Ruchman.** 

Two convalescent serum specimens from 
the Schenectady outbreak of 1943'* were 
furnished us through the kindness of Dr. 
R. F. Korns, who is discussing the epidemi- 


ology of this outbreak on this program to- 


day. One specimen represented a pool of 
convalescent serum, obtained in 1943, from 
individuals all of whom had suffered clini- 
cally typical cases of epidemic keratocon- 
junctivitis. During convalescence but before 
being bled an undetermined number of these 
individuals had been hyperimmunized with 
epidemic keratoconjunctivitis virus vaccine. 
The second specimen represented a single 
bleeding of one patient (Crouch) who dur- 
ing convalescence from a typical attack of 
the disease had received several injections 
of the same vaccine before being bled as a 
source of hyperimmune serum. The results 
may be expressed in tabular form as fol- 
lows: 


cs SERUM SPECIMEN LOG. NEUTRALIZATION INDEX 
SLE (Hubbard) EKC (EK-TC 17) 


Schenectady 
pool — 1,000 < 10 
Patient Crouch | 100 < 10 


It was surprising to say the least to find 
antibodies present against St. Louis enceph- 
alitis virus but not against epidemic kerato- 
conjunctivitis virus. 

Thus in summary® one may say: | 

1. Patient E. L. showed no antibodies 
against St. Louis encephalitis virus or epi- 
demic keratoconjunctivitis virus 10 years 
following a “naturally” incurred attack of 
epidemic keratoconjunctivitis. 

2. Patient M. S. showed moderate titers 
of antibodies against both St. Louis enceph- 
alitis and epidemic keratoconjunctivitis vi- 
ruses 10 years following deliberate self-in- 
oculation with epidemic keratoconjunctivitis 
virus. 

3. Sera (one individual specimen and 
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one pooled specimen from several individ- 
uals) drawn in 1943 from patients who had 
recently recovered from attacks of epidemic 
keratoconjunctivitis during the Schenectady 
outbreak of that year and who had been 
hyperimmunized during convalescence with 
several injections of epidemic keratoconjunc- 
tivitis vaccine, showed moderate titers of 
antibody against St. Louis encephalitis virus 
but no demonstrable antibody against. epi- 
demic keratoconjunctivitis virus. 


Since 1942 there have been numerous re- 


ports of outbreaks of epidemic keratocon- 
junctivitis in various parts of the world. 
The literature through 1952 has been re- 
viewed by Cockburn,*® who has carried out 
a number of epidemiologic investigations of 
outbreaks occurring in the western part of 
the United States. From three outbreaks we 
received eye scrapings and washings through 
the kindness of Dr. Cockburn and the Com- 


- municable Disease Center Virus Laboratory . 


in Montgomery, Alabama. Attempts to iso- 
late a viral agent by the inoculation of suck- 
ling and adult mice by various routes failed ; 
in one instance tissue cultures were inocu- 
lated as well according to the technique de- 
scribed by Dr. Sanders; again the results 
were negative. Unfortunately these speci- 
mens arrived in poor condition, having 
thawed in transit to our laboratory from 
the Communicable Disease Center in Mont- 
gomery. 

Cockburn and his associates*® carried out 
a careful clinical and epidemiologic study of 
a small epidemic of typical epidemic kerato- 
conjunctivitis which occurred in Kansas City 
in 1951. Antibody studies were carried out 
on convalescent serum specimens obtained 
from four patients approximately 11 months 
after the onset of illness. No antibodies 
against either St. Louis encephalitis virus 
(Webster strain) or epidemic keratoconjunc- 
tivitis virus (EK-TC 17 strain) could be 
demonstrated. Similar tests were run on 
convalescent serum specimens obtained from 
four patients involved in a later outbreak 
of epidemic keratoconjunctivitis. These sera 


were collected one to three months subse- 
quent to the onset of illness. Three of the 
four specimens showed no antibody against 
epidemic keratoconjunctivitis virus; the 
fourth gave a neutralization index of 10 
which placed it at the lower limit of the 
equivocal zone. One of the first three speci- 
mens showed a neutralization index of 125 
against St. Louis encephalitis virus. The 
other three were negative. Inasmuch as 
serum surveys in this area have shown that 
up to 20 percent of the population have anti- 
bodies against St. Louis encephalitis virus 
this finding of one positive out of 10 could 
well have happened by chance. On the basis 
of these serologic studies it seems fair to 
assume that neither St. Louis encephalitis 
virus nor the epidemic keratoconjunctivitis 
virus of Sanders was the etiologic agent of 


the outbreaks studied. 


There remains for discussion a brief con- 
sideration of several of the more important 


studies aimed at isolating the epidemic kera- 


toconjunctivitis virus of Sanders from out- 
breaks of typical epidemic keratoconjunc- 
tivitis. 

Braley,?” in 1944, using the technique de- 
scribed by Sanders, isolated a viral agent 
from an outbreak of the disease. This could 
not be maintained in serial passage inasmuch 
as it failed to produce death in the inocu- 
lated mice with any degree of consistency. 
On the basis of cross immunity tests car- 
ried out in mice that had recovered from in- 
fection with this agent and in those that had 
recovered from infection with the epidemic 
keratoconjunctivitis virus of Sanders, it was 
concluded that the agents were probably 
similar. Braley* has reported the isolation of 
other strains of epidemic keratoconjunctivi- 
tis virus but these have not been made avail- 
able for comparison. 

Arakawa and his associates** have re- 
ported the isolation of two strains of virus 
from conjunctival scrapings and of six 
strains of virus from blood of patients suf- 
fering from epidemic keratoconjunctivitis. 
These agents were isolated by the intra- 
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cerebral inoculation of young mice followed 
by blind passage at four to seven day in- 
tervals. After three to 10 such blind pas- 
sages signs of viral activity (cerebral irrita- 
tion followed by paralysis and death) ap- 
peared three to six days following the injec- 
tion of the passage material. No trouble was 
experienced in maintaining these strains in 
mice by intracerebral passage; all strains of 
the virus appeared to be antigenically re- 
lated. 

A rise in neutralizing antibody titer was 
demonstrated in the sera of 20 patients from 
whom acute and convalescent serum speci- 
mens were obtained. The injection of rela- 
tively large amounts of mouse passage virus 
into a monkey was followed by the develop- 
ment of fever and bilateral conjunctivitis 
seven to 10 days later; it was concluded, 
however, that the findings were not typical 
of the disease as seen in man. 

One strain was propagated on the chorio- 
allantoic membrane of the developing chick 
embryo but no specific lesions were de- 
scribed. The investigators reported that the 
mouse passage virus could be distinguished 
from “trachoma virus’’ on the basis of sero- 
logic (neutralization and complement fixa- 
tion) tests, but apparently no further at- 
tempt was made to identify the agent. Its 
relationship to the epidemic keratoconjunc- 
tivitis virus of Sanders remains undeter- 
mined and the desirability of further studies 
aimed at delineating the characteristics of 
the viral agents isolated by Arkawa and 
his collaborators is obvious. It is impossible 
to rule out the possibility that this viral 
agent represented a latent murine virus 
which was uncovered by the process of 
blind passage. 

Sezer®® isolated a viral agent from four 
of 25 patients studied during the acute phase 
of the disease. Two isolations were made by 
the inoculation of conjunctival scrapings on 
to fragments of human cornea engrafted on 
the chorioallantoic membranes of embryo- 
nated eggs. One strain was isolated by the 
direct inoculation of the chorioallantoic 


membrane ; this was lost after four passages. 
The fourth strain was isolated by the direct 
inoculation of mice by the intracerebral 


’ route. Three of these strains were carried 


in serial passage in both embryonated eggs 
and in mice. In the former they produced 
definite lesions on the chorioallantoic mem- 
brane and in the latter, a fatal encephalitis. 
No lesions were produced on the cornea of 
the rabbit. Antibodies were demonstrated in 
the convalescent sera of two patients tested. 
The relationship of this agent to the epi- 
demic keratoconjunctivitis virus of Sanders 
remains to be determined. Unfortunately the 
strains of virus sent by Dr. Sezer to Dr. 
Ruchman proved to be inactive when ex- 
amined on arrival.*® 

Ormsby and Fowle” studied 61 convales- 
cent sera from an outbreak of epidemic kera- 
toconjunctivitis occurring in Windsor, On- 
tario, in 1951, and eight convalescent sera 
from a similar outbreak in Toronto. No neu- 
tralizing antibodies could be demonstrated 
against the epidemic keratoconjunctivitis vi- 
rus of Sanders. Isolation studies carried out 
in eight cases, employing conjunctival wash- 
ings and scrapings for the inoculation of 
tissue cultures prepared according to the 
technique of Sanders, failed to yield evi- 
dence of the presence of epidemic kerato- 
conjunctivitis (Sanders type) virus, al- 
though five strains of mouse-encephalomye- 
litis virus were isolated by the inoculation of 
serial passage “test” and “control” tissue 
culture material into mice. The rate of re- 
covery was increased by administering corti- 
sone to the mice prior to inoculation. 

Hofman and Presinger** have reviewed 
the European literature and have presented 
the results of their own experiments. Fil- 
trates of corneal scrapings obtained from 
patients suffering from clinically diagnosed 
cases of epidemic keratoconjunctivitis 


proved infectious for man when inoculated 
on the scarified cornea. The virus could be 
propagated in embryonated eggs only when 
Sezer’s technique’? was followed—namely, 
when conjunctival scrapings were inocu- 
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~lated on to the chorioallantoic membrane 


~ 


grafted with human corneal tissue. 

Following this, two strains of virus were 
propagated in series by straight-forward in- 
oculation of the chorioallantoic membrane, 
with the production of lesions resembling 
those described by Sezer. Attempts to prop- 
agate the virus in tissue culture, employing 
embryonic mouse tissue according to the 
method of Sanders, failed until chick em- 
bryo extract was added to the medium. In 
contrast to the findings of Sanders* and of 
Sezer,’® however, the strains isolated proved 
to be of low virulence for mice, killing the 
animals but irregularly following intracere- 
bral inoculation. Attempts to increase the 
virulence of the virus by serial passage 
failed. 

Corneal lesions were produced in 40 per- 
cent of rabbits and 70 percent of guinea 


pigs following inoculation of the scarified 


corneas of these animals; the resulting kera- 
titis was mild in character. Conjunctival in- 
oculation gave negative results. Neutralizing 
antibodies were demonstrated in the sera of 
patients convalescing from the disease ac- 
cording to the authors; the test system em- 
ployed was the corneal inoculation of guinea 
pigs. The results as published were sugges- 
tive rather than conclusive. 

Although no mention is made of the possi- 
bility that herpes simplex virus was in- 
volved in these infections the results of 
filtration and electron microscope studies 
make it seem unlikely that this agent was the 
cause of the disease. Suspensions of con- 
junctival scrapings remained infectious after 
filtration through a Seitz EK “Ultra cella- 
filter” of a pore size of 80 mmy. The virus 
was held back by a filter of a pore size of 
50 mmyp. Round particles of a size approxi- 
mating 55 to 60 mmy were seen with the 
electron microscope in preparations made 
from experimentally infected and subse- 
quently enucleated human eyes, from in- 


fected tissue cultures, and from infected 


allantoic fluid. Since these materials were 
infectious as proven by the production 
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of keratitis following inoculation of the 
scarified guinea pig cornea the authors pos- 
tulated that these particles represented the 
virus agent itself. If so, its small size ruled 
out the possibility that it could be herpes 
simplex virus. 

The relationship of this strain of virus to 
the epidemic keratoconjunctivitis virus of 
Sanders, the agents isolated by Arakawa et 
al., and to that described by Sezer remains 
undetermined. A number of other viral iso- 
lations have been reported by European in- 
vestigators during the past 15 years; the sig- 
nificance of these reports cannot be deter- 
mined until further studies are carried out. 
Particularly needed are (1) antibody studies, 
to determine the relationship of a given virus 
to the clinical disease and to determine the 
prevalence of infection with the agent, and 
(2) comparative studies (including anti- 
genic analysis) of the various agents iso- 
lated in order to determine what relation- 
ship (if any) exists between themselves, and 


‘between them and recognized viral agents. 


Finally it should be mentioned for the 
sake of completeness that two members of 
the APC group of viruses (types 3 and 8) 
have been isolated in recent months from 
cases clinically diagnosed as epidemic kera- 
toconjunctivitis (Fowle et al., Jawetz et 
al.**). The significance of these findings is 
reviewed elsewhere in this program by Dr. 
Jawetz. 3 

SUMMARY 


Two strains of the epidemic keratocon- 
junctivitis virus of Sanders have been 
studied. Both were obtained from Dr. 
Braley. Both were believed to have origi- 
nated from the virus pool made by Sanders 
in 1942, but there is some doubt as to this 
point. The two strains appear to be identical. 

The epidemic keratoconjunctivitis virus of 
Sanders, or perhaps more properly the 
Sanders-Braley agent, is closely related to 
St. Louis encephalitis virus. Although it falls 
into this group certain characteristics appear 
to set it apart from the better known strains 


(Webster, Winkler, Hubbard, and others). 
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As might be expected, some serologic over- 
lapping has been demonstrated with West 
Nile, Japanese B encephalitis, and Murray 
Valley encephalitis viruses. 

The relationship of this agent to the out- 
breaks of epidemic keratoconjunctivitis 
studied in 1942-1943 is shrouded in mystery. 
The loss of all other strains of the virus, and 
of all specific antisera, makes it unlikely that 
this point can ever be cleared up. It may 
be pointed out that: 

1. The patient (E. L.) from whom the 
original isolation was made in 1942 showed 
no demonstrable antibodies against either 
St. Louis encephalitis virus or epidemic 
keratoconjunctivitis virus (Sanders) 10 
years later. 

2. The volunteer (M. S.) who was inocu- 
lated with the virus of epidemic keratocon- 
junctivitis in 1942 showed a titer of anti- 
bedies against both St. Louis encephalitis 
and epidemic keratoconjunctivitis viruses 10 
years later. 


F, S. CHEEVER 


3. One pooled serum specimen and one 
single serum specimen drawn from indi- 
viduals in Schenectady in 1943 who during 
convalescence from the natural disease had 
been hyperimmunized with vaccine made 
from the epidemic keratoconjunctivitis virus 
of Sanders, showed significant levels of pro- 
tective antibody against St. Louis encephali- 
tis virus, but none against epidemic kerato- 
conjunctivitis virus. 

4. There is no definitive evidence that the 
epidemic keratoconjunctivitis virus of San- 
ders has been isolated since 1942, with the 
possible exception of Braley’s report of 1944. 

5. Antibody studies carried out with con- 
valescent serum specimens obtained from re- 
cent outbreaks of the disease in the United 
States and Canada have yielded no evidence 
to suggest that the epidemic keratoconjuncti- 
vitis virus of Sanders was the etiologic agent 
causing these outbreaks. 


University of Pittsburgh. 
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THE ETIOLOGY OF EPIDEMIC KERATOCONJUNCTIVITIS* 


E. Jawetz, M.D., P. Tuyceson, M.D., L. Hanna, M.D., 
| A. NicHoas, AND S. J. Kimura, M.D. 
San Francisco, California 


According to the descriptions of competent 
clinicians and ‘ophthalmologists all over the 
world, the disease epidemic keratoconjuncti- 
vitis is a well-defined clinical entity. In the 
sporadic form the diagnosis requires the 
presence of the typical round subepithelial 
corneal opacities, but during epidemic out- 
breaks a varying proportion of patients who 
escape corneal involvement have also been 
assigned this diagnosis. The incubation 
period (seven to 10 days), natural course, 
and epidemiologic behavior of the disease are 


so uniform that a single etiologic agent might © 


well be suspected. Because of the clinical 
characteristics of the disease, the cytologic 
picture encountered, and the lack of associa- 
tion with any special kind of bacteria, a 
virus has been implicated as the probable 
etiologic agent for at least 25 years. Yet the 


*From the Departments of Microbiology and 
Ophthalmology, and the Francis I. Proctor Founda- 
tion for Research in Ophthalmology, University of 
California Medical Center. Supported in part by 
grants from the National Institutes of Health 
(B604) and Burroughs, Wellcome and Company. 


nature of that virus is not established at 


present.’ 


There has been no lack of work directed at 
isolating and identifying a virus.** Nor is 
there a lack of positive results, each author 
firmly claiming that he has isolated “The 
virus of epidemic keratoconjunctivitis.” Un- 
fortunately there is no agreement whatever 
concerning the nature and behavior of these 
viruses and most investigators fail to con- 
firm the findings of their colleagues. Some 
representative claims are reviewed in Dr. 
Cheever’s paper in this volume. The diver- 
gence in experimental findings is so great 
that any attempt to reconcile them appears 
futile. In addition the reviewer is struck by 
deficiencies in many reported experimental 
protocols which suggest that some claims are 
unsupported by evidence. 

It may be useful to list some criteria which 
must be fulfilled before a claim for the iden- 
tification of the etiologic agent of a viral dis- 
ease can be taken seriously : 

A. The agent should be isolated repeatedly 
from typical cases of the illness but not from 
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normal persons. It should clearly be derived 
from the material secured from humans, not 
from experimental animals or tissues, or 
picked up “in passage.” 

B. During the typical illness patients 
should have a significant rise in neutralizing 
(or other) antibodies to the isolated virus. 
Such antibodies should be demonstrable in 
most patients convalescent from the disease, 
but should be absent from most persons of 
the same age groups and the same geographic 
location who have not had the illness. 

C. Inoculation of the agent into suitable 
human volunteers should reproduce the ill- 
ness. 

D. The serologic pattern in the population 
should be compatible with the distribution of 
the agent and the epidemiology of the disease. 

E. Last, but not least, the isolated agent 
should be sufficiently stable for survival and 
shipment, under suitable conditions, to other 
laboratories to permit comparative studies. 
Every effort should also be made to deter- 
mine whether the isolated agent fits into a 
group or type of virus previously identified 
and studied. 

Other criteria can be devised. However, 
unless the ones just listed are fulfilled, the 
minimum requirements have not been met 
and no claim should be made that the newly 
isolated agent is “the etiologic agent” of a 
given disease. A brief scanning of the claims 
reviewed in Dr. Cheever’s paper forces one 
to the conclusion that the evidence for none 
of the viruses is acceptable to establish it 
as the etiologic agent of epidemic keratocon- 
junctivitis. Furthermore, most of the viruses 
(with the exception of herpes simplex which 
could not cause an epidemic disease in 
adults) are unfortunately not available for 
study. As described in Dr. Cheever’s paper 
the widely accepted “virus of epidemic kera- 


toconjunctivitis” of Sanders* is currently 
represented by strains which are variants — 


of St. Louis encephalitis virus®* and bear no 
evident relationship to the disease as it has 
occurred in America’ or Europe’ since 1951. 
Thus it appears appropriate to continue the 


search for agents which would fulfill the 
above listed criteria in epidemic keratocon- 
junctivitis. 

In the course of virologic studies on vari- 
ous forms of keratoconjunctivitis, we iso- 
lated in 1955 in HeLa cell tissue culture a 
distinct—then new— type of adenovirus 
from a patient with typical, severe epidemic 
keratoconjunctivitis.*® Subsequent studies 
indicated a significant association between 
that virus and the disease epidemic kerato- 
conjunctivitis in various parts of the world. 
For this reason the evidence is summarized 
here that adenovirus (APC virus) type 8 
has been regularly associated with clinical 
epidemic keratoconjunctivitis occurring be- 
tween 1951 and 1955 in North America, 
Italy, Switzerland, and Japan, and may play 
a role in the etiology of the disease. It must 
be stressed that the evidence is not complete 
that adenovirus type 8 is the etiologic agent 
of epidemic keratoconjunctivitis. The ma- 
terial is presented in the hope that others 
may take advantage of any possible oppor- 
tunity to settle the question. 

To date only three strains of adenovirus 
type 8 have been isolated. One came from 
our patient with severe acute epidemic kera-_ 
toconjunctivitis,®® the second was isolated 
by Dr. Y. Mitsui from a patient with prob- 
able epidemic keratoconjunctivitis in Japan, 
and the third from the acutely inflamed eye 
of a small child in Saudi-Arabia.’® The as- 
sociation of this virus with epidemic kerato- 
conjunctivitis therefore is based principally 
on serologic studies in our laboratory and 
on volunteer inoculations performed by Dr. 
Y. Mitsui in Kumamoto, Japan. The sero- 
logic data have been published in detail" 
and can be summarized as follows: 

1. Of 70 patients with the clinical diagno- 
sis of epidemic keratoconjunctivitis in the 
United States, Canada, Switzerland, Italy, 
and Japan during 1951-55, 66 or 94.3 percent 


had neutralizing antibodies to adenovirus 


type 8 in a serum dilution of 1:10 or greater. 
Of 140 individuals from the same geo- 
graphic areas and similar age groups who 
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did not have clinical epidemic keratocon- 
junctivitis, only 10 or 7.1 percent had such 
antibodies. 

2. Adequate paired sera (acute and con- 
valescent) were available from 17 patients 
with typical epidemic keratoconjunctivitis in 
Chicago, California, and Japan. Fifteen of 
these developed a fourfold or greater rise in 
neutralizing antibodies to adenovirus type 8 
during their illness. 

3. There was considerable variation in the 
highest titer of neutralizing antibodies 
reached (1:20-1:640) and in the rapidity 
of its rise. Neutralizing antibodies declined 
quite rapidly so that titers greater than 1 :20 
were not encountered later than two years 
after onset of acute epidemic keratocon- 
junctivitis. Thus a retrospective serologic 
survey beyond four years was not possible. 

4. Patients with epidemic keratoconjuncti- 
vitis who exhibited a marked antibody titer 
rise against adenovirus type 8 did not have 
such titer rises for other types of adenovirus, 
for herpes simplex virus, or for the pre- 
served “EK” strain of St. Louis encephalitis 
virus,® 

Recently we have had the opportunity to 
examine sera from patients in Vienna and 
Graz, Austria, who suffered from epidemic 
keratoconjunctivitis in 1952-53. These sera 
were collected in 1956 (that is, three years or 
more after onset of epidemic keratocon- 
_junctivitis) through the kindness of Dr. R. 
Biehling, Dr. H. Hofmann, Dr. C. H. 
Kempe, and Dr. T. Moritsch, to whom we 
are greatly indebted. Control sera from the 
same geographic area were also made avail- 
able. A few sera were toxic in tissue cultures 
and could not be examined satisfactorily. 


Neutralization tests with adenovirus type 8 


on the remainder of the sera gave the follow- 

Of 42 patients with the clinical diagnosis 
of epidemic keratoconjunctivitis, 22 or 52.4 
percent had antibodies in a titer of 1:10 or 
greater. Of 30 control individuals only four 
or 13.3 percent had such antibodies. This 
difference has high statistical significance 


(P = < 0.01). If it is remembered that a 
long time elapsed between onset of disease 
and collection of sera, it can readily be 
understood that only slightly more than half 
of the epidemic keratoconjunctivitis patients 
had a significant antibody titer..* The re- 
mainder of the patients may well have pos- 
sessed antibodies shortly after the disease but 
lost them subsequently. Taking into account 
the time lag, the frequency of significant 
antibody in the controls (13.3 percent) is 
far higher than encountered in North 
America (4.8 percent) but probably lower 
that in Japan (33.3 percent). It would be 
compatible with the occurrence of large epi- 
demics in Austria since 1938, and an accom- 
panying prevalence of asymptomatic infec- 
tion with adenovirus type 8. 

Dr. Y. Mitsui of the Department of Oph- 
thalmology, Kumamoto Medical School, Ku- 
mamoto, Japan, has recently inoculated ade- 
novirus type 8 into five human volunteers. 
One eye of each volunteer was inoculated 
with infected tissue culture fluid, the other 
eye with uninfected control fluid. Since epi- 
demic keratoconjunctivitis occurs endemi- 
cally in Japan, the volunteers were kept in 
strict isolation for 10 days preceding, and 
during, the trial. The details of the experi- 
ment and its results are described by Mitsui 
et al. in a separate paper in this volume. 

Three of the volunteers developed entirely 
typical epidemic keratoconjunctivitis, and a 
fourth had severe conjunctivitis but no kera- 
titis. All four had striking serologic re- 
sponses, with a marked rise in titer of neu- 
tralizing antibodies to adenovirus type 8. 
The fifth had no clinical response to three 
successive inoculations, suggesting previ- 
ously acquired immunity. This was supported 
by the presence of neutralizing antibodies 
in a titer of 1:20 prior to inoculation, and a 
lack of antibody titer rise subsequently. 
From the eyes of two of the volunteers with 
“takes,” the virus was re-isolated. A typical 
response to inoculation with adenovirus type 
8 is shown in Figure 1 compiled from clinical 
data kindly supplied by Dr. Y. Mitsui. It 
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HUMAN VOLUNTEER “2 917, INOCULATED WITH ADENOVIRUS (APC) Type 8 INTO RIGHT EVE. 
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(Clinical data kindly svpphed oy Mitsu: 


Fig. 1 (Jawetz, et al.). Laboratory and clinical findings in a volunteer inoculated with adenovirus type 8 
in Japan by Dr. Y. Mitsui, who kindly made the clinical data available. 


seems particularly significant that the in- 
fection spread spontaneously to the uninocu- 
lated eye. 

In connection with one above-mentioned 
volunteer who developed conjunctivitis not 
followed by keratitis and a high titer of neu- 


tralizing antibodies to adenovirus type 8, © 


another observation of Dr. Mitsui’s deserves 
mention. He feels’? that the infection (na- 
tural or artificial) which results in typical 
epidemic keratoconjunctivitis in adults, pro- 
duces in children only membranous con- 
junctivitis and systemic symptoms but no 
keratitis. Paired sera from such a child were 
kindly made available to us by Dr. Mitsui. 
They showed an eightfold rise in neutraliz- 
ing antibodies to adenovirus type 8 during 
the illness. This provides evidence that con- 
junctivitis without keratitis may be associ- 
ated with infection by adenovirus type 8, if 
other persons in the area at the time suffer 
from typical epidemic keratoconjunctivitis. 


DISCUSSION 


The evidence for the constant association 
of adenovirus type 8 with epidemic kerato- 


conjunctivitis as it existed 1951-55 in North © 


America, Italy, Switzerland, Japan, and Aus- — 


tria is convincing but incomplete. Additional 


virus isolations from typical cases, with 
complete serologic studies, are urgently 
needed. The human inoculation experiments 
of Dr. Mitsui indicate that infection of the 
eye with adenovirus type 8 in nonimmune 
individuals can result in a clinical picture 
indistinguishable from typical epidemic kera- 
toconjunctivitis. However, it is not yet 
proven that adenovirus type 8, or a sero- 
logically closely related virus, is the sole etio- 
logic agent responsible for this disease. It is, 
of course, possible that a variety of different 
agents may induce the sequence of reactions 
resulting in the clinical picture of epidemic 
keratoconjunctivitis and adenovirus type 8 
may be only one of them. It is also possible 
that adenovirus type 8 acts as a precipitating 
agent but requires some other factor to pro- 
duce the full clinical picture of epidemic 
keratoconjunctivitis. In this connection the 
repeated isolation of herpes simplex virus 
from epidemic keratoconjunctivitis must be 
mentioned.® This virus cannot be iso- 


BO 


lated from normal eyes or from a variety of 
ocular inflammatory processes except her- 
petic keratoconjunctivitis (Hanna and Ja- 
wetz, this issue). Yet a number of observers 
have recovered it from acute epidemic kera- 
toconjunctivitis. The significance of this ob- 
servation is not clear at present but it de- 
serves further study. The clinical differential 
diagnosis of epidemic keratoconjunctivitis 
includes active primary herpetic keratocon- 
junctivitis and pharyngoconjunctival fever 
caused by other types of adenovirus. There- 
fore, the isolation of these etiologic agents 
from some cases mistaken for epidemi kera- 
toconjunctivitis may be expected. 


SUMMARY 


_ An examination of past claims for the iso- 
lation of the etiologic agent of epidemic kera- 
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toconjunctivitis supports the conclusion that 
“there is at present no virus available that 
can be regarded with confidence as the 
etiologic agent of epidemic keratoconjuncti- 
vitis.” Criteria have been listed which should 
be fulfilled before any claim for the isola- 
tion of an etiologic virus is made. Evidence 
has been presented implicating adenovirus 
type 8 in the etiology of epidemic keratocon- 
junctivitis, based on isolations, serologic 


data, and the results of volunteer inocula- 


tions with re-isolation of the virus and anti- 


body response. The need for additional con- 


trolled observations has been stressed, and 
the possibility of multiple factors in the eti- 
ology of epidemic keratoconjunctivitis has 
been discussed. | 
University of California 
Medical Center (22). 
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EFFECT OF INOCULATING ADENOVIRUS (APC VIRUS) 
TYPE 8 INTO HUMAN VOLUNTEERS* 


Mitsur, M.D., Jun HaNasusa, M.D., Ryoy1 Minopa, M.D., 
AND SHO OcatTa, M.D. | 
Kumamoto, Japan 


It has been found by Jawetz et al.’ that 
a striking association exists between clinical 
epidemic keratoconjunctivitis and the devel- 
opment of antibodies to adenovirus type 8 
(APC virus type 8). The etiologic, role of 
this agent has not yet been established, how- 
ever. The present study was undertaken in 
an effort to determine whether inoculation of 


adenovirus type 8 into the eyes of human 


volunteers would result in a clinical picture 
typical of epidemic keratoconjunctivitis. This 
paper reports the clinical observations on five 
human volunteers together with data on 
serologic responses and on the re-isolation of 
the infectious agent from the experimentally 
induced human disease. 


MATERIALS AND METHOD 


HUMAN VOLUNTEERS 

At the time of writing, five Japanese vol- 
unteers have been inoculated and observa- 
tions on four of them have been completed. 
There were two men and three women, aged 
17 to 27 years. They had no history of acute 
conjunctivitis, no family history of acute 
conjunctivitis could be elicited from them, 
and examination failed to reveal any ab- 
normalities in the conjunctival sac. No lesions 
could be found in the cornea by slitlamp 
microscopy. 


VIRUS 


A strain of adenovirus type 8 (Trim) in 


*From the Department of Ophthalmology, Ku- 
mamoto University Medical School. Supported in 
part by a grant-in-aid from the National Council to 
Combat Blindness, Inc., New York. The serologic 
studies and identification of isolated viruses were 
performed by E. Jawetz and L. Hanna, University 
of California Medical Center, San Francisco. We 
are indebted to Dr. E. Jawetz and Dr. P. Thygeson 
for valuable suggestions and for aid in the prepa- 
ration of this manuscript. 


its 14th tissue culture passage was supplied 
by Dr. E. Jawetz, University of California 
Medical Center, San Francisco 22. This was 
sent by ordinary air mail, once in the form 
of a lyophilized, infected, HeLa cell tissue 
culture, and another time as a completely 
degenerated HeLa cell tissue culture in the — 
liquid state. Both preparations were viable 
upon arrival and resulted in typical cyto- 
pathogenic effects when inoculated into 
washed HeLa cell cultures maintained in a 
medium of 10-percent chick serum in modi- 
fied mixture 199 at 36°C. for four to seven 
days. 

The fluid from several HeLa cell cultures 
which had undergone three-plus or four-plus 
degeneration after infection with adenovirus 
type 8 was harvested and centrifuged twice 
for 15 minutes at 3,000 rpm. The clear 
supernatant fluid served as infecting inocu- 
lum. Similarly prepared supernatant from 
uninfected HeLa cell cultures was instilled 
into the other eye to serve as control. 

An attempt was made to re-isolate the 
virus from volunteers who developed mani- 
fest clinical signs of infection. On the sec- 
ond day of acute conjunctivitis, the conjunc- 
tiva was scraped by curette and the scrapings 
inoculated into fresh HeLa cell cultures. 
When degeneration appeared, the virus was 
passed in tissue culture. Re-isolated viruses 
were forwarded to Dr. Jawetz for identifica- 
tion by neutralization with specific immune 
rabbit sera. 


SERA 


A sample of sterile blood was obtained 
from each volunteer before inoculation and 
at intervals thereafter. After retraction of 
the clot, the sterile serum was separated and — 
shipped to Dr. Jawetz in sealed glass vials. 
Neutralization tests were performed in his 
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laboratory by techniques previously pub- 
lished,? and the results were reported as the 
reciprocal of the highest serum dilution re- 
sulting in significant neutralization of viral 
activity in tissue culture. 


INOCULATION PROCEDURE 


The upper fornix of the conjunctiva was 
scraped lightly with a sharp knife under local 
anesthesia. The inoculum was then instilled 
into the conjunctival sac five times at five- 
minute intervals. After the last instillation 
a bandage was placed over the eyes. This 
was removed the next day. : 

In each volunteer the viral inoculum was 
inoculated into the right eye and the control 
inoculum into the left eye. Both eyes were 
inoculated simultaneously by two separate 
operators. 


OBSERVATION OF VOLUNTEERS 


The volunteers were hospitalized and 
placed in strict isolation for from three to 
10 days prior to inoculation. After the in- 
oculation they were inspected once a day in 
their rooms but were still strictly isolated 
until the onset of conjunctivitis. After that 
they were examined once a day by slitlamp 
and during this examination period had some 
contact with other patients. They remained 
in the hospital for one month or more after 
the onset of conjunctivitis. Bacteriologic and 
mycologic cultures of conjunctival material 


were made before inoculation and after the © 


onset of conjunctivitis. Re-isolation of the 
virus after the onset of conjunctivitis was at- 
tempted in HeLa cells with material from all 
cases, and on rabbit cornea with material 
from Cases 3 and 5. The body temperature 
was measured twice a day during the period 
of hospitalization. For purposes of com- 
parison the hematologic picture was followed 
in the last two cases. 


RESULTS 


Case 1 (K. O., an 18-year-old male) 


After three days’ isolation, the volunteer 
‘ was inoculated with the virus in the right 
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eye and with the control materials in the left 
(March 2, 1956). The following day both 
conjunctivas were very slightly hyperemic 
and there was a scanty discharge. On the 
second day, however, this evidence of irrita- 
tion had disappeared and the eyes remained 
normal until the eighth day after inoculation. 
On the eighth day (March 9, 1956), the 
volunteer complained of slight discomfort in 
his right (virus-inoculated) eye. Inspection 
revealed the first signs of an acute con- 
junctivitis in this eye. It looked slightly fol- 
licular. The exudate was fibrinous and pre- 
dominantly mononuclear. The conjunctivitis 
progressed rapidly and by the following day 
had become typically follicular. On the 
fourth day of the conjunctivitis the picture 
was that of a full-blown acute follicular con- 
junctivitis (fig. 1). Thin pseudomembranes 
tended to form when the conjunctiva was 
exposed repeatedly to the air by eversion of 
the lids for examination and photography. 
After seven days of activity the conjuncti- 


_vitis began to subside slowly (March 16, 


1956) ; about one month later the conjunc- 
tiva regained its normal appearance. | 

On the sixth day of the conjunctivitis in 
the right eye (March 15, 1956), a similar 
conjunctivitis developed spontaneously in the 
left eye. The clinical course of the conjuncti- 
vitis in this eye was slightly milder than that 
in the inoculated (right) eye. 

Preauricular adenopathy. A slight pre- 


Fig. 1 (Mitsui, et al.). Case 1. On 


e fourth 


day, a full-blown follicular conjunctivitis was pres- 
ent. 


: 
-_ 
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Fig. 2 (Mitsui, et al.). Case 1. On the fifth day, 


there were 13 distinct opacities. 


auricular adenopathy appeared on both sides. 
On the right side the node became palpable 
two days after the onset of the conjuncti- 
vitis in the right eye and remained palpable 
for 10 days without becoming tender. On 
the left side it became palpable the day after 
the onset of conjunctivitis in the left eye. 
It was tender for the first several days and 
remained palpable for nearly three weeks. 
Keratitis. On the eighth day of the con- 
junctivitis (March 16, 1956) there appeared 
a-~slight punctate keratitis in the right eye. 


The opacities increased in number and den- _ 


sity during the first few days. On the fifth 
day (March 21, 1956) there were 13 dis- 
tinct opacities and they were typically sub- 
epithelial (fig. 2). They were absorbed very 


slowly; one month later, distinct opacities, 


seven in number, were still demonstrable by 
slitlamp and three of them were grossly 
visible. It was about three months before the 
last opacity disappeared. In the left eye only 
a few corneal opacities appeared eight days 
after the onset of conjunctivitis in this eye. 
Ten days later they disappeared. 

Miscellaneous findings. The volunteer did 
not complain of any systemic symptoms dur- 
ing the whole course of the disease, nor was 
there any indication of a systemic reaction 
in the temperature measurements taken. 
Bacteriologic and mycologic culture studies 
made before inoculation and after the onset 
of the conjunctivitis were essentially nega- 
tive. 


Case 2 (H. I., a 20-year-old female) 


After 10 days’ isolation the volunteer was 
inoculated with the virus in the right eye 
and with the control material in the left eye 
as in the previous case (March 13, 1956). 
On the next day there was evidence of very 
slight irritation in both eyes but this had 
disappeared the following morning. 

Four days after the inoculation the pre- 
auricular node on the right side swelled 
slightly. Two days thereafter an acute fol- 
licular conjunctivitis began in the right eye 
(March 19, 1956). The climax of the con- 
junctivitis was reached in three days when 
it appeared as a moderately severe acute 
follicular conjunctivitis with a tendency to 
form a slight pseudomembrane on repeated 
exposure of the conjunctiva to the air by 
eversion of the lids (fig. 3, second day; fig. 
4, sixth day). Monocytes were predominant 
in the exudate. The climax lasted four days 
and then the conjunctivitis began to subside 


Fig. 3 (Mitsui, et al.). Case 2. A tendency to form 
a slight pseudomembrane (second day). 
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Fig. 4 (Mitsui, et al.). Case 2. Pseudomembrane on 
the sixth day. 


gradually. A little more than three weeks 
later it disappeared. | : 

In the left eye a similar conjunctivitis ap- 
peared five days after the onset of the disease 
in the right eye. The course of the conjuncti- 
vitis in the left eye (spontaneously infected ) 


was slightly milder than that in the right eye 


(virus inoculated). 

Preauricular adenopathy. As already de- 
scribed, a swelling of the preauricular node 
appeared in the incubation period on the 
right side four t@ays after the inoculation. 
It became slightly tender with the onset of 
the conjunctivitis. The tenderness disap- 
peared in the course of several days but the 
node remained palpable until the 23rd day 
after the onset of the conjunctivitis. On the 
left side the node became palpable on the 
day of the onset of conjunctivitis and re- 
mained palpable for four days without be- 
coming tender. 

Keratitis. In the right eye a moderately 


severe punctate keratitis appeared eight days 


after the onset of conjunctivitis. The opaci- 
ties increased in number and density during 
the following few days and the volunteer 
complained of a slight visual disturbance; 
the vision was 20/15 before the keratitis 
and 20/20 after its onset. It was typically 
subepithelial and 15 distinct opacities were 
counted six days after it began (fig. 5). 
Three weeks thereafter there were still nine 
opacities demonstrable by slitlamp, and four 


of the nine were grossly visible although the . 


volunteer had regained a vision of 20/15. 


Fig. 5 (Mitsui, et al.). Case 2. Showing a typical 
subepithelial keratitis and 15 distinct opacities. 


These opacities have persisted until the date 
of the latest examination August 15, 1956, 


about five months after the onset of con- 


junctivitis. Prof. G. Bietti, Rome, examined 
the volunteer on that date and found the 
picture typical of epidemic keratoconjuncti- 

Vitis. | | 

In the left eye there appeared a very slight 
punctate keratitis by the seventh day of the 
conjunctivitis. It did not interfere with 
vision although a few opacities have persisted 
until the latest examination. 

Miscellaneous findings. The volunteer did 
not complain of any systemic symptoms dur- 
ing the whole course of the disease and there 
was no apparent rise in temperature. Bac- 
teriologic and mycologic culture studies of 


the conjunctiva were essentially negative be- 
_ fore inoculation and after the onset of con- 


junctivitis. 
Case 3 (W. K., a 17-year-old female) 


After one week’s isolation the volunteer 
was inoculated with the virus in the right 
eye and with control material in the left eye 
as in the previous cases (May 4, 1956). 
Seven days after the inoculation an acute fol- 
licular conjunctivitis began in the right 
(virus inoculated) eye (May 11, 1956). The 
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exudate had a fibrinous character and was 
predominantly mononuclear. 

Six days later there was evidence of a 
similar conjunctivitis in the left eye. It took 
two and a half weeks to subside. 

Preauricular adenopathy. A considerable 
swelling of the preauricular gland, with ten- 
derness, was observed during the first week 
of the conjunctivitis on the right side. The 
adenopathy was very slight on the left side 
and lasted for a few days only. 

Keratitis. Keratitis was not observed in 
this case during the course of the disease. 

Miscellaneous findings. There were no 
systemic symptoms, no elevation of tempera- 
ture, and no change in the blood picture 
with the onset of conjunctivitis. Bacterio- 
logic and mycologic culture studies were es- 
sentially negative. 


Case 4 (Y. I., a 27-year-old female) 


In this case the first inoculation with 
adenovirus type 8 was performed on May 
4, 1956. On May 21, 1956, there had been no 


reaction, so a second inoculation was made > 


on May 22, 1956. The result was again nega- 
tive. A third inoculation was performed on 
June 1, 1956, and again there was no re- 
action. 


Case 5 (Y. M., a 27-year-old male) _ 


After one week’s isolation the volunteer 
was inoculated into both eyes with viral ma- 
terial (right) and control material (left) as 
in the previous cases (July 16, 1956). Five 
days later an acute follicular conjunctivitis 
began in the right, virus-inoculated eye 
(July 20, 1956). The conjunctivitis was 
rather moderate and lasted for three weeks 
(fig. 6, fifth day of conjunctivitis). The 
exudate was fibrinous and predominantly 
mononuclear. The second eye was not in- 
fected during the whole course of the disease. 

Preauricular adenopathy. The adenopathy 
appeared on the day of the onset of the con- 
junctivitis. The node was palpable for three 
weeks without becoming tender. 

Keratitis. On the ninth day of conjuncti- 


Fig. 6 (Mitsui, et al.). Case 5. Fifth 
day of conjunctivitis. 


Fig. 7 (Mitsui, et al.). Case 5. 
Fifth day of keratitis. 


vitis there appeared a slight, but typical, sub- 


epithelial punctate keratitis (July 28, 1956). 


The opacities increased in number and four 
days later 17 could be counted (fig. 7, fifth 
day of keratitis). Professor ‘Bietti, Rome, 
examined this volunteer on August 15, 1956, 
and found the opacities entirely typical of 
epidemic keratoconjunctivitis. 

Miscellaneous findings. There were no sys- 
temic symptoms and no temperature rise. 
Bacteriologic and mycologic culture studies 
were essentially negative. 


LABORATORY OBSERVATIONS 


The results of neutralization tests and 
virus isolations, in relation to the chronology 
of infection and clinical symptoms, are sum- 
marized in Table 1. It is seen that the first 
two volunteers had a striking rise in neu- 
tralizing antibodies while displaying clini- 
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TABLE 1 
SEROLOGIC AND CLINICAL RESPONSE IN VOLUNTEERS INOCULATED WITH ADENOVIRUS TYPE 8 


Day after 


Neutralizing 


Virus Re- Antibodies 
Volunteer Inoculated Right Eye Left eye 
virus 8 

18 7 <10 + 
17 +--+ + + _ 
21 20. ++ + + + 
26 + + 
46 80 + 
69 _ + 
female 13 ++ 
29 + ++ + + 
34 80 + + 
52 40 + + 
W.K. 7 + 
female 13 + 
female 0 (Re-inoc.) ~ 
#5 0 <10 
27 9 + on 
29 40 + + 
44 40 _ + _ _ 


Note: < before 10 indicates: ‘‘less than 10."’ 


cally typical epidemic keratoconjunctivitis. 
The third volunteer had an equally marked 
rise in neutralizing antibody titer although 
her disease was limited to conjunctivitis, 
without the development of corneal lesions. 
This supports the belief of Mitsui et al.* 
that the same etiologic agent can produce 
typical epidemic keratoconjunctivitis in some 
individuals and only conjunctivitis ‘in others. 

The fourth volunteer failed to develop 
any clinical signs of infection during the first 


three inoculation attempts with virus grown 
in tissue culture. This would be compatible 
with at least partial immunity to the virus. 
It is therefore of great interest that serologic 
studies indicated the presence of significant 
specific antibody to adenovirus type 8 at 
the time of inoculation, without any definite 
subsequent rise in titer. The fifth volunteer 
developed a significant titer in specific anti- 
bodies during his illness which was typical of 
epidemic keratoconjunctivitis. 


— 
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RE-ISOLATION OF THE VIRUS 


Conjunctival scrapings were taken on the 
second day of the conjunctivitis from the 
first three volunteers. The material was 
suspended in a few drops of the maintenance 
medium with chick serum and inoculated 
directly into HeLa cell cultures. 

The result with material from Case 1 was 
negative. A transferable, cytopathogenic 
agent was isolated from Cases 2 and 3. 
These agents were sent to Dr. Jawetz who 
found them to be adenovirus type 8 by neu- 
tralizing tests in tissue culture. 

From Cases 3 and 5 scraped material was 
also inoculated into rabbit cornea to check 
the possible presence of herpetic virus. The 
results were negative. 

The initial serum from all five volunteers 
contained a significant titer of neutralizing 
antibodies to herpes simplex virus. Each 
serum neutralized at least two logs of virus 
by intracerebral mouse neutralization test. 


DISCUSSION 


The initial results of inoculation of adeno- 
virus type 8 into five human volunteers have 
been encouraging. In three cases (1, 2, and 
5) it resulted in an acute follicular conjunc- 
tivitis and preauricular adenopathy. The se- 
cretion was fibrinous and predominantly 
mononuclear. Subepithelial punctate keratitis 
typical of epidemic keratoconjunctivitis ap- 
peared about one week after the onset of con- 
junctivitis. The findings corresponded en- 
tirely to those of epidemic keratoconjunctivi- 
tis contracted by natural infection. A consid- 
erable rise in neutralizing antibodies against 
adenovirus type 8 was demonstrated in con- 
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valescent serum of these cases just as in spon- 
taneously occurring epidemic keratoconjunc- 
tivitis. 

In a fourth volunteer (3) the inoculation 
also resulted in an acute follicular conjuncti- 
vitis, but the symptoms and course of the 
disease were those of a mild epidemic kerato- 
conjunctivitis without keratitis. In a fifth 
volunteer (4) repeated inoculations with 
adenovirus type 8 did not result in an on- 
set of conjunctivitis. Serologic findings sug- 
gest a partial immunity in this patient. 

The results in three of the five volunteers 
indicate that adenovirus type 8 is in all 
probablity the actual causative agent of 
epidemic keratoconjunctivitis, and the results 
in the fourth and fifth cases were not con- 
tradictory. 

Evidently adenovirus type 8 cultivated in 
HeLa cells does not lose pathogenicity for 
human conjunctiva. It was our impression, 
however, that there might have been a slight 
lowering of virulence by cultivation. The 
clinical symptoms and the course of the dis- 
ease in the four positive cases seemed to be 
slightly milder than in natural cases. 


SUMMARY 


The initial clinical and laboratory results 
of inoculation of adenovirus type 8 into 
human volunteers have been presented. 
These initial findings are in keeping with 
the possibility that adenovirus type 8 may 
be the specific etiologic agent causing epi- 
demic keratoconjunctivitis at the present 
time. Additional studies are under way to 
establish this impression more definitely. 


Kumamoto University Medical School. 
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ISOLATION OF ADENOVIRUS TYPE 8 (APC TYPE 8) FROM A CASE 
OF EPIDEMIC KERATOCONJUNCTIVITIS IN JAPAN* 


YuxKiHiko Mirsut, M.D. 


Kumamoto, Japan 
AND 


ERNEST JAWETZ, M.D. 
San Francisco, California 


The first strain of adenovirus type 8 
(APC 8) was isolated from the eye of a 
patient with acute epidemic keratoconjuncti- 
vitis.1 Subsequent studies revealed a striking 
serologic relationship between the virus and 
the disease: A majority of patients with epi- 
demic keratoconjunctivitis between 1951 and 
1955 had antibodies to adenovirus type 8 
and suitable paired sera showed a diagnostic 
rise in titer of neutralizing antibodies to this 
agent.? Mitsui et al.-(this issue) inoculated 
human volunteers with adenovirus type 8 
and demonstrated the development of an eye 
disease indistinguishable from typical epi- 
demic keratoconjunctivitis. A second strain 
of adenovirus type 8 was recovered from a 
child with eye disease in Saudi-Arabia by 
Chang et al.* Further to support the sugges- 
tion that adenovirus type 8 may be involved 
in the etiology of epidemic keratoconjuncti- 
vitis, we wish to report an additional isola- 
tion of this virus from a sporadic case of 
epidemic keratoconjunctivitis in Japan. 


CASE REPORTS 
CASE 1 


A four-year-old girl, the daughter of pa-— 


tient M. K. (Case 3) developed an acute 
conjunctivitis of the right eye in mid-April, 
1956. Soon after the inception of the illness 
the child also had a fever and a slight diar- 
thea. The source of infection was unknown. 
Several days after the onset in the right eye, 
the left eye also developed a conjunctivitis. 


_ * From the Department of Ophthalmology, Kuma- 

moto University Medical School, Kumamoto, Japan, 
and The Department of ‘Microbiology, University of 
California Medical Center, San Francisco. Sup- 
ported by grants from the National Council to 
Combat Blindness, Inc. (170-CO), and the National 
Institutes of Health (B 604). 


The illness was diagnosed by a physician as 
“membranous conjunctivitis.” 

The patient was seen in the eye clinic of 
Kumamoto University Medical School on 
May 8th, more than three weeks after the 
onset of the conjunctivitis. There remained 
only slight inflammation of the conjunctivas, 
with superficial cicatrization. The corneas 
were entirely clear. | 


CASE 2 


A 58-year-old woman, grandmother of. 
Case 1 and mother of patient M. K. (Case 


'3), developed an acute conjunctivitis of the 


right eye on April 29, 1956. She also had a 
mild headache but no.other symptoms. About 
one week later she noticed an impairment of 
her vision. 

When this patient was seen in the clinic 
on May 8th, there was a moderately severe 
acute follicular conjunctivitis of the right 
eye, with a tendency to capillary bleeding 
from the conjunctival surface. The right 
preauricular node was enlarged but not ten- 
der. The right cornea showed a moderately 
severe punctate keratitis. Some of these 
punctate lesions were slightly elevated above 
the surface of the cornea and these lesions 
stained with fluorescein; after a few days 
they flattened out and developed into the 
typical round subepithelial opacities of epi- 
demic keratoconjunctivitis. 


CaAsE 3 


M. K., a 27-year-old woman, daughter of 
Case 2 and mother of Case 1, developed an 
intense conjunctivitis of the left eye on May 
6, 1956. On that day she experienced a 
foreign body sensation in the involved left 
eye and noticed a slight discharge. On the 
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| TABLE 1 
DEGREE OF CYTOPATHOGENIC EFFECT (+ TO ++-+-+) OBSERVED ON SIXTH DAY OF INCUBATION 


Serum Dilution 


Virus Dilution (Trim) 


Virus Dilution (Koyama) 


Antiserum to adenovirus 8 1:10 1:20 1:40 1:10 1:20 1:40 1:80 
1:80 ND* ~ ND* 
1:320 ++++ + -+++ +. + 


Normal rabbit serum 
1:20 


* Not done. 


next day the eye was deeply red and the lids 
were swollen, but there were no systemic 
symptoms or fever. 

When this patient was seen in the eye 
clinic of Kumamoto University Medical 
School on May 8, 1956, there was a severe 
acute follicular conjunctivitis in the left eye. 
The discharge was fibrinous with a tendency 
to form a pseudomembrane. The cytologic 
picture showed a predominance of mononu- 
clear cells in the exudate. Bacteriologic cul- 
tures were noncontributory. The left pre- 
auricular lymph node was markedly enlarged 
and tender. The cornea of the left eye was 
entirely uninvolved, and the right eye was 
normal. 

This patient was seen at intervals in the 
clinic. The severe inflammation of the left 
conjunctiva lasted for one week, then sub- 
sided gradually so that only minimal signs 
were present after three weeks of observa- 
tion. The cornea of the left eye remained 
clear and the right eye never became in- 
volved. 

LABORATORY STUDIES 


On May 8th, scrapings were obtained 
from the left conjunctiva of M. K. (Case 3) 
and were inoculated into twice-washed HeLa 
cell cultures in a maintenance medium of 
10-percent chick serum in modified mixture 
199 with added antibiotics. No early degen- 
eration was observed in the inoculated cul- 
tures. The first evidence of a cytopathogenic 
effect occurred on June 2nd, more than three 
weeks after inoculation. The cytopathogenic 
effects were quite typical of those observed 


with adenoviruses. Degeneration of the in- 
itial cultures was complete on June 14, 1956. 
Repeated passages to new HeLa cell cultures 
were carried out after the beginning of cell 
degeneration. 

The third passage of the virus and. sera 
from the patient were sent from Kumamoto 
to San Francisco for additional laboratory 
study. The virus grew promptly in a fashion - 
quite compatible with adenovirus type 8. It 
was completely neutralized by specific anti- 
serum to adenovirus type 8 prepared in rab- 
bits, but not by antisera to other types of 
adenovirus. An attempt was made to com- 
pare the behavior of this newly isolated 
strain (Koyama) with the established strain 
(Trim) of adenovirus type 8 by titrating 
both viruses in increasing dilutions against 
fixed dilutions of the same antiserum. The 
results of this “block titration” were as 
shown in Table 1. Apart from a slightly 
higher infective titer, strain Koyama appears 
to be indistinguishable from strain Trim. 

Serial specimens of serum obtained from 
patient M. K. were examined for the pres- 
ence of neutralizing antibodies, with the 
results shown in Table 2. 


TABLE 2 
SERUM STUDY OF PATIENT M. K. 


Dilution of Serum 


Date Serum Day after Capable of 
Obtained Onset Neutralizing 
Adenovirus Type 8 
May 8, 1956 3 <1:10 
May 16, 1956 11 1:20 
May 29, 1956 24 1:40 
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DIscUSSION 


The greater than fourfold rise in neu- 
tralizing antibody titer to adenovirus type 8 
supports the impression of active infection 
by this agent (rather than a carrier stage) 
during the present disease. The question 
arises whether the new isolation could in fact 
have been a laboratory contamination of tis- 


sue culture by the adenovirus type 8. The 


facts militate strongly against such a possi- 
bility : 

a. The initial incubation period until the 
appearance of cytopathogenic effects was 


three weeks. A limiting dilution of labora- | 


tory-propagated virus has, in our experience, 
never had such a long incubation period. 


b. The newly isolated virus has a slightly 


_ higher infectious titer than the older strain. 
c. The rate of antibody development in the 
patient makes it likely that she was infected 
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with adenovirus type 8 before coming to the 
clinic. 
d. Many other attempts in Kumamoto and 


_San Francisco to isolate adenovirus type 8 


have resulted in failure. 

Thus it is concluded that another strain 
of typical adenovirus type 8 has been isolated 
from a sporadic case of epidemic keratocon- 
junctivitis. The diagnosis of epidemic kera- 
toconjunctivitis without keratitis in patient 
M. K. is supported by the development of 
the fully typical disease with subepithelial 
opacities in her mother, and of the infantile 
nonkeratic form in her daughter. 


Kumamoto University Medical School. 
University of California (22). 


Since this paper was written, three additional 
strains of adenovirus type 8 have been isolated 
from typical cases of epidemic keratoconjunctivitis 
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CHARACTERISTICS OF HOSPITAL EPIDEMICS OF 
EPIDEMIC KERATOCONJUNCTIVITIS* 


Irvinc H. Leopotp, M.D. 
Philadelphia, Pennsylvania 


- Outbreaks of epidemic keratoconjunctivi- 
tis in hospitals among patients attending eye 
clinics and among the physicians and nurses 


caring for these patients have been reported. 


In 1936, Hobson described 16 cases that 
occurred in staff patients of a Veterans’ Ad- 
ministration hospital in San Fernando 
Valley, California. In 1951 Cockburn, 
Nitowsky, and Cheever reported on an epi- 
demic in which nine patients had the infec- 
tion, all of whom had attended a glaucoma 


* From the Wills Eye Hospital and the Graduate 
School of Medicine, University of Pennsylvania. 


clinic. This occurred.in the Middle West. 
The latter epidemic apparently took place be- 
tween May and July, 1951. The patients in 
the series (Cockburn et al.) had attended the 
glaucoma clinic for many years prior to the 
onset of this particular disease. No other 
cases appeared among the hundreds of pa- 
tients examined in the eye clinic at the same 
time for other diseases. It was concluded, 
therefore, that the infection had taken place 
during an examination for glaucoma. There 
are many possibilities which are considered 
as the mechanism for infection, such as the 
fingers of the physician, the eyedropper, 
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various instruments, towels, and the tonom- 


eter used for measuring intraocular pres- 


sure. It was the general conclusion of this 
study by Cockburn and his co-workers that 
the tonometer was the most likely vehicle of 
transmission. All other instruments, drop- 
pers, towels, and so forth, had been used by 
other patients who did not become infected. 

There have been several recorded out- 
breaks in hospital clinics of Japan (Oka- 
mura and Mitsui, Aoki and Kasahara, and 
Mitsui and Tanaka). In the latter epidemic 
the topical anesthetic solution for tonometry 
was the iatrogenic source of infection. 

Schneider, Kornzweig, and Feldstein de- 
scribed an outbreak of epidemic keratocon- 
junctivitis in a home for the aged. It was 
not possible to determine whether the trans- 
mission initially was through contaminated 
eyedrops or the tonometer. Subsequent cases 
were produced by eyedrop infection. 

Two significant epidemics of keratocon- 
junctivitis occurred at the Wills Eye Hospi- 
tal. The first was in 1950 during the months 
of December, January, and February. This 
was limited largely to patients who had the 
presenting symptoms on entrance to the 
clinics of the institution. This epidemic was 
associated with a widespread epidemic of this 
disease in the Philadelphia, Pennsylvania, 
and Camden, New Jersey, areas and was 
seen in other institutions throughout both 
cities. It was not. possible to relate this epi- 
demic to any particular hospital technique, 
instrument, or solution. The cases seen at 
the Wills Eye Hospital appeared to be part 


of a widespread incidence of the disease 


throughout the Philadephia area. 

In 1953, however, there was a small epi- 
demic involving chiefly the doctors and 
nurses of the hospital staff. At this time the 
Philadelphia area was relatively free of epi- 
demic keratoconjunctivitis, but there was an 
epidemic prevalent in nearby Camden. There 
were 17 individuals associated with the hos- 
pital who developed the disease. Eight of 
these were residents in the hospital, two were 
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nurses. One was an occupational therapist. 
Three were members of the attending staff, 
and two were patients who developed the dis- 
ease during their hospitalization. Another 
patient was admitted with the disease, never 
having been to the hospital before. This pa- 
tient had been admitted from a doctor’s of- 
fice undiagnosed, and the doctor who later 
diagnosed the condition developed the dis- 
ease. The other two patients had retinal de- 
tachments and developed the disease during 
the period of their convalescence from the 
retinal surgery. 


CLINICAL DESCRIPTION 


The conjunctivitis was severe. In all in- 

stances it was follicular in type. In prac- 
tically all eyes there was marked edema of 
the conjunctiva. No false membranes were 
seen. There were two eyes, in two different 
individuals, which showed multiple subcon- 
junctival hemorrhages. One doctor had pete- 
chial hemorrhages in the lids. 
_ The discharge in all instances was slight, 
and in none did it appear purulent. Tearing 
and photophobia were prominent in all pa- 
tients. In all, the preauricular glands were 
enlarged. All patients had bilateral signs of 
the disease, and the glands were enlarged on 
both sides. The second eye was usually less 
severely involved. | 

Nine patients developed corneal opacities. 
The corneal opacities were not large in these 
individuals but were numerous and per- 
sistent. They were nummular, appeared to be 
subepitheleal and beneath Bowman’s mem- 
brane. In the majority of eyes the opacities 
disappeared in six months, the first phy- 
sician involved in February, 1953, still has 
one corneal opacity after three years. 

Cultures for bacterial growth were nega- 
tive from all eyes. No inclusion bodies were 
seen in the conjunctival scrapings. Conjunc- 
tival scrapings showed a predominance of 
monocytes in the majority of the analyses, 
but polymorphonuclears were found in two 
patients on the first day of the disease. These 
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CONVALESCENT 


HOSPITAL ANTIBODIES 
PATIENT! association| ONSET serum OPACITIES 
| Resident Feb- 
W.K. physician | ruary x 
W.A. | " March x + 
0. K. " " May - x 0 + 
N.L. " " April 6) 
Not Tested - 
F. M. " April x + 
Attending 
W. F. April x x 
Not Tested - 
W- R. March x 7 
Assistant 
B. G. Surgeon April + 
M.S. | Nurse March 0 x = 
E. D. " April + 
_[Mrs.E.W. | Patient March | 
|v. S. April x Not 4 
| K.R. April 0 
Resident 
Mrs.c.s. Occupational) june i4 0 x 
therapist | 


Fig. 1 (Leopold). Findings in a hospital epidemic of epidemic keratoconjunctivitis. 


became predominantly lymphocytic « on the 
second and third days. 


DURATION OF DISEASE 
The duration of the disease varied. In 


eight of the patients all symptoms of the 


disease disappeared within five weeks. In the 
nine with corneal opacities the duration var- 
ied. Symptoms were gone in approximately 
six weeks in four of these, and in the re- 
maining five there were symptoms of photo- 
phobia persisting intermittently for six 
months. In only one of the patients, namely, 
W. K., is there still evidence of a corneal 
opacity. 
‘CONVALESCENT SERUM 

Six of these individuals had convalescent 
serum taken from different physicians who 
had generally recovered from all symptoms 
of the disease. The serum was obtained 21 


to 28 days after the first sign of the disease. 
Of those who received serum only one de- 
veloped corneal opacities. Of the individuals 
who did not receive convalescent serum, 
totaling 11, eight developed corneal opaci- 
ties. In all instances where the convalescent 
serum had been given, it was administered 
prior to the onset of any corneal lesion, 
within the first four days of the onset of the 
disease. 

One of the residents who received serum, 
W. A., developed jaundice and impaired 
liver function. The serum had been adminis- 
tered intramuscularly to all either as 10 cc. 
on two successive days or 5.0 cc. twice daily 
on two successive days. The donor never had 
hepatitis and liver function tests were nega- 
tive. The serum of W. A. was used for one 
other physician. He never developed any 
signs of liver disease. 
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It has been known for many years that 
physicians themselves may transmit the in- 
fection from patient to patient in the course 
of eye examinations (Cockburn, Thygeson, 
Braley). | 

The possibilities of the source of infection 


are the fingers of the physician, various eye 


solutions, dropper bottles particularly, com- 
mon instruments such as the tonometer, and 
ophthalmoscopes. It has been suggested that 
infective agents can survive for long periods 
in ophthalmic preparations. The tonometer 
has been incriminated frequently (Cockburn 
et al.). 

In this small epidemic there was no patient 
who was contacted by all of the individuals 
who subsequently developed the disease. Pa- 
tient E. W. was admitted with signs of the 
_ disease prior to the onset of corneal opacities 
and thus had the disease prior to hospital ad- 
mission. This patient was examined by one 
of the physicians and one of the residents, 
but by none of the other sufferers. During 
the course of the examination the giant oph- 
thalmoscope was used. This instrument was 
common to all of the physicians subsequently 
infected, with two possible exceptions, 
namely W. F. and C. S. Both of these phy- 
sicians employed their own ophthalmoscopes 
and cannot recall having used the giant oph- 
thalmoscope on the private floor. None of the 
other patients in the hospital on whom the 
tonometers of the private floor were used 
developed keratoconjunctivitis. None of the 
individuals in this series had a tonometer ap- 
plied to his or her eyes. | 

Patients J. S. and K. R., admitted for 
retinal detachment, had been studied fre- 
quently by this giant ophthalmoscope. The 
epidemic keratoconjunctivitis did not appear 
until 10 and 14 days, respectively, after 
retinal detachment surgery. Each of these 
patients had his own bottle of atropine solu- 
tion. They received no other local medication 
except anesthetics at the time of surgery. 
Other surgical patients who received these 
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anesthetics did not develop the disease. Their 
eyes, however, had been examined by two 
of the residents who subsequently developed 
the condition. The attending surgeons in 
these cases never portrayed epidemic kerato- 
conjunctivitis. 

Two nurses who contracted the disease 
came in contact with the two patients who 
had the disease prior to the time that the 


diagnosis had been established. 


W. K. was the resident who developed the 
disease first. He could not recall contacting 
a patient with this disease nor did he have | 
any association with the patients who de- 
veloped the disease. He had completed his 
duties as a resident at the hospital one week 
prior to the onset of his keratoconjunctivitis. 
The source of his infection is unknown. 

C. S. developed the first signs of the dis- 
ease on June 6th. The date is exact for this 
was his wedding day. He had completed his 
residency five days earlier. Mrs. C. S. had 
been in contact with the infected patients 
during her hospital duties as an occupational 
therapist. She did not develop the condition 
until seven or eight days after her wedding 
day, approximately June 14th. 

The data suggest that the common instru- 
ment was the giant ophthalmoscope for the 
development in the other residents, as this 
was the only instrument which appeared to 
be common to all of the resident staff. Phy- 
sician W. F. cannot recall having used this 
ophthalmoscope but could not. be absolutely 


certain that he had not. It was his custom to - 


use his own ophthalmoscope at all times. Al- 
though hundreds of hospital patients were 
handled by the involved residents during 
their incubation periods, no other patients 
ever demonstrated epidemic keratoconjunc- 
tivitis. 
ANTISERUM 

Six of these individuals could be con- 
tacted to obtain serum for testing against 
the virus (adenovirus type 8) isolated by 
Jawetz and co-workers. All six of these had 
neutralizing antibodies ( Jawetz et al., 1955). 
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SUMMARY 


Seventeen individuals closely associated 
with one hospital developed signs and symp- 
toms which were diagnosed as epidemic kera- 
toconjunctivitis. Eight of these were resident 
physicians in the hospital. Three were at- 
tending physicians. One was an occupational 
therapist. Two of the group were nurses, and 
three were patients. 

The source of the infection for the first 
resident infected in this group is not known. 
An instrument common to all but one of the 
other residents was the giant electric ophthal- 
moscope. None of these individuals had a 
tonometer used on his or her own eye. None 
had drops instilled into his eyes which might 
have been a common source of infection. The 
nurses may have developed the disease by 
handling the patients who subsequently de- 
veloped epidemic keratoconjunctivitis. 

All of the infected personnel showed bila- 
teral disease, although the second eye was 
usually much less severely involved than the 


first. All cases had severe photophobia, tear- 
ing, and considerable discomfort. Foreign- 
body sensation was a very common com- 
plaint. All the patients had large preauricular 
glands. Nine of the 17 patients developed 
corneal opacities in one or both eyes. 

In only one instance did other members 


of the family of each of the physicians, 


nurses, or patients, develop the disease. This 
spouse had been a member of the hospital 


staff. 


Approximately 20 cc. of serum had been - 


injected intramuscularly in six individuals. 


Only one of these developed corneal opacities 
and these were small and few in number and 
occurred in only one eye. One of these serum 
recipients developed reduced liver function 
and icterus. 


1601 Spring Garden Street (30). 
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OFFICE AND DISPENSARY TRANSMISSIONS OF EPIDEMIC 
KERATOCONJUNCTIVITIS* 


PHILLIPS THyYGESON, M.D. 
San Francisco, California 


Epidemic keratoconjunctivitis, originally 


given the name of superficial punctate kera-' 


titis by Fuchs, was first defined as a clinical 
entity by the Austrian ophthalmologists, 
Adler and Fuchs, in 1889. The epidemic na- 
ture of the disease was recognized by these 
early workers but no mention was made of 
one of the principal features of the disease, 
namely its striking ability to transmit in 
doctors’ offices, in dispensaries, and in hos- 
pitals. The disease has been known to be 
epidemic in the Orient, particularly in India, 
during the first half of this century and re- 
peated epidemics in which many thousands 
of persons have been affected have been 
reported by Herbert, Wright, and others. 
Even in these studies little mention was 
made of the propensity of the disease to 
transmit in hospitals and offices. 

The source of the American cases in 1941 
and 1942 appears to have been an epidemic 
in Hawaii in which at least 25,000 persons 
were affected (Holmes). Holmes described 
in detail the characteristics of the disease 
but failed to mention its propensity for 
transmitting in offices and through medical 
personnel. Hogan and Crawford, however, 
in their first report of the American epi- 
demic described its communicability in 
offices and in industrial dispensaries and 
mentioned the transmission of the disease 
to nurses and doctors. 

My first experience with an office epidemic 
was in 1942 in New York when I was called 
in consultation in an office epidemic com- 
prising some 80 cases. This office epidemic 
has been reported by Sanders and Forshei- 
mer in detail. In 1948, I reported on the 


* From the Department of Ophthalmology and the 
Francis I. Proctor Foundation for Research in Oph- 
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recurrence of epidemic keratoconjunctivitis 


in California during the preceding two years. 
A number of ophthalmologists in the western 
part of the United States were kind enough 
to give me detailed information in regard 
to cases occurring in their offices and I was 
thus able to study at first hand five distinct 
office epidemics. Following are some ob- 
servations made on these outbreaks and 
others observed more recently. 


FINGER TO EYE TRANSMISSION 


This type of transmission has been most 
frequently encountered in the epidemics 
which I have been able to study and it is 
this form of transmission which I believe oc- 
curred in infections of 32 physicians and 40 | 
nurses on whom I obtained data. In the 
course of the study observations were made — 
on the surprising frequency with which the 
average person rubs his eyes. The rubbing 
of the eyes is done so commonly and un- 
consciously that the individuals under obser- 
vation were surprised to have it called to 
their attention. The infectivity of the disease 
must of necessity be of a high order in view 
of the fact that the act of rubbing the eyes 
involves the skin only and not the ocular mu- 
cous membrane so that the virus must be 
carried to the conjunctiva by the tear menis- 
cus. In our study of 33 doctors involved, only 
one recalls having had infectious material 
splash into his eye during treatment. There 
was general agreement among them that fin- 
ger to eye transmission must have occurred. 

If transmission of the infection could be 
carried from patient to doctor by means of 
fingers, it is obvious that it also could be 
carried from patient to patient by means of 
the doctors’ fingers. No method has been 
available to determine the effects of ordinary 
hand washing with soap and water on con- 
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tamination of fingers. It is of interest that 
in none of the office epidemics studied was 
there any other method of cleansing the 
hands than by the use of ordinary soap and 
water. The majority of the ophthalmologists 
and other medical men interviewed stated 
that they used ordinary hand washing be- 
tween patients and it is to be presumed that 
with few exceptions this is a general cus- 
tom. However, it can be categorically stated 
that such washing is generally of short dura- 
tion and in no way resembles the surgical 
scrub required prior to surgery in — 
operating rooms. 


TRANSMISSION BY TONOMETERS 


There are now on record three well-studied 
epidemics originating in offices and dispen- 
saries in which the tonometer has been in- 
criminated as the transmitter of the disease. 
In one office epidemic of 19 cases which I 
_ had the privilege of studying, tonometry was 
used not only in glaucoma cases but also 
routinely in all refraction cases. In this office 
14 infections developed the ninth day after 
tonometry, and it is of interest that in spite 
of precautions five secondary cases de- 
veloped. It is possible that the minute epithe- 
lial abrasions produced by the tonometer may 
have been significant since all tonometry 
cases which I have studied have had keratitis, 
whereas keratitis is not an invariable feature 
.of cases of epidemic keratoconjunctivitis 
contracted by other means. 

The most recent study on transmission of 
epidemic keratoconjunctivitis by tonometry 
has been reported by Cockburn and asso- 


ciates. In this university glaucoma clinic 


transmission only occurred among glaucoma 
cases and all other patients remamned un- 
affected. 


TRANSMISSION BY CONTAMINATED 
SOLUTIONS 


In a small office outbreak of 16 infec- 
tions it was possible to pinpoint the source 


to a single case. In all of the 16 infections 
the only common factor was the administra- 
tion of 0.5-percent pontocaine solution from 
a dropper bottle. It is believed that the nurse 
contaminated the dropper against the excit- 
ing patient’s lid margin when administering 
the solution. All 16 cases were apparently 
contaminated on a single day since all de- 
veloped infection nine to 10 days later. The 
five additional cases developed after another 
nine-day interval but neither pontocaine nor 
tonometry was concerned in these cases. It 
is believed that the hands of the attending 
ophthalmologist might have been responsible. 


It is interesting that there are only two sec- 


ondary cases of transmission in the family 
arising from the 21 office infections which 
pinpoints again the importance of the oph- 
thalmologist’s office in the epidemiology of 
the disease. In the course of our study a 
number of other office infections were noted 
in which contamination of the dropper bottle 
may have been concerned in the infection 
but it was difficult to separate the various 
methods of transmission. Since at the time 
of the study there was no method of isolating 
the virus from contaminated solutions, sur- 
vival time of the virus in such solutions 
could not be determined. 


OTHER METHODS OF TRANSMISSION 


During the course of the 1947-48 epidemic 
some 20 cases were seen in which the source 
of infection could not be determined. In the 
preceding period they had not been in at- 
tendance at any doctor’s office or dispen- 
sary where they might have been accidentally 
exposed, nor were there any cases in their 
families, nor had they had contact with any- 
one to their knowledge with infected eyes. 
However, all of the cases had had multiple 


_ personal contacts. All were young, active 


adults who were in contact with numerous 
people in their work or in traveling to and 
from their work. None of these cases had 
had any trauma to their eyes nor any eye 
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irritation during the incubation period. Such 
cases suggest the possibility of nasal or 
pharyngeal carriers in the general population 
but this is purely speculative. 

In view of the known propensity of at 
least two viral types of conjunctivitis or 
keratoconjunctivitis, namely inclusion and 
pharyngeal conjunctival fever, to transmit 
in swimming pools, a very definite attempt 
was made to elicit a history of swimming 
pool contamination in these cases. No such 
history could be obtained. There has been 
nothing about the epidemiology of epidemic 
keratoconjunctivitis to suggest that swim- 
ming pool transmission is of importance. 
There has been no summer incidence of the 
infection which is so characteristic of in- 
clusion conjunctivitis and pharyngeal con- 
junctival fever, and a review of the litera- 
ture has indicated no history of transmission 
of the disease in pools or lakes of any kind. 

It is true that trauma of the cornea has 
been concerned in many of the office epi- 
demics. Quite a number of the industrial 
cases seen in dispensaries have followed re- 
moval of foreign bodies and the disease has 
repeatedly occurred after minor operations 
on the eye, particularly after chalazion sur- 
gery and, as previously mentioned in some 
detail, after tonometry. That trauma is, how- 
ever, not necessary for transmission of the 
disease is well known by the sources of 
the now very numerous infections in doctors 


and nurses who have been subject to no- 


trauma, except that possibly concerned with 
the rubbing of the eyes with the fingers. It is 
of interest that the majority of the physi- 
cians concerned have been ophthalmologists, 
but a sizable body of general practitioners 
have been affected. Some of these have been 
workers in dispensaries where foreign bodies 
have been removed, whereas others have 
been engaged in general practice, some with- 
out any history of having taken care of in- 
flamed eyes. 

Whereas most of the minor epidemics 
have originated in doctors’ offices or in dis- 
pensaries, other cases have developed in hos- 


pitals and in industrial concerns. In the ship- 
yard epidemics contamination of welders’ 
helmets and tools may have been a factor. It 
has been of interest that no epidemic has 
been reported to me in the United States 
with transmission in schools or in dormi- 
tories. In this respect, epidemic keratocon- 
junctivitis appears to differ decidedly from 
the pneumococcic and Koch-Weeks conjunc- 
tivitis which often spreads in the form of 
the well-known pink eye throughout schools. 
I have also been unable to find an instance 
of fly or gnat transmission such as is the case 
in the Middle East and also here in the 
United States in southeastern California and 
in the Rio Grande valley of Texas with 
Koch-Weeks conjunctivitis. 


EPIDEMIOLOGIC CONTROL 


The information regarding the epidemiol- 
ogy of the disease is admittedly incomplete 
due to lack of laboratory controls. Little 
can be said concerning the possibility of in- 
apparent or subclinical infections or the pos- 
sibility of respiratory carriers of the virus. 
Data derived from office infections, in some 
of which 100 percent of exposed individuals 
have developed the disease, certainly indi- 
cates that in the United States there is a 
high degree of susceptibility in the general 
population. This would certainly suggest that 
subclinical infections must be rare. 

On the basis of experience gained in the 
1941 and 1942 epidemics, a number of rec- 
ommendations for the prevention of the dis- 
ease were promulgated but unfortunately 
were not generally adopted. That these rec- 
ommendations were, however, correct I think 
is shown by the experience in our own office 
in which a large number of epidemic kera- 
toconjunctivitis cases have been seen in con- 
sultation and for purposes of special study 
without the occurrence of a single office 
transmission. The precautions taken in our 
office have been principally the meticulous 
washing of hands between examinations, us- 


ing only soap and water, and the use of in- 


dividual sterilized droppers for solutions. 
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All dropper bottles have been discarded as 


unsafe, All instruments, including tonom- 


eters, have been sterilized between patients. 
These simple precautions appear to have 
been effective. 


PREVENTION OF OFFICE 
AND DISPENSARY INFECTIONS 


Even in the incomplete knowledge which 
is now possessed regarding the nature of the 
virus of epidemic keratoconjunctivitis it 
would seem prevention of office infection de- 
pends primarily on dissemination of knowl- 
edge concerning the diagnosis of the disease 
and education leading to the common use 
of simple methods of prevention which 
should normally be a feature of any well- 
kept office. 


SUMMARY AND CONCLUSIONS 


Transmission of epidemic keratoconjunc- 
tivitis in offices and in dispensaries has been 
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a major method of spread in the United 
States. Transmission of the disease is be- 
lieved to have occurred following the use 
of contaminated tonometers, contaminated 
solutions, contaminated fingers, and possibly 
contaminated fomites—especially welders’ 
masks, goggles, and common tools. Routine 
office and dispensary practice should be re- 
examined and the following prophylactic 
measures instituted, namely: 

1. The discarding of all dropper bottles. 

2. The use of individual sterilizable drop- 
pers. 

3. Adequate hand washing with soap and 
water before and after treatments. 

4. Sterilization of tonometers and all other 
instruments used on the eye. : | 

5. The early recognition and isolation o 


cases. 


University of California 
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A THEORY ON THE EPIDEMIOLOGY.OF EPIDEMIC 
KERATOCONJUNCTIVITIS* 


T. AIDAN COCKBURN, 


M.D. 


Colombo, Ceylon 


The theory presented is as follows: 

In North America the- causal agent of 
epidemic keratoconjunctivitis is a virus of 
the adenovirus group whose normal habitat is 
in the nasopharynx but which is capable of 
causing pathology in the conjunctiva and to 
a lesser extent in the cornea. When a sus- 
ceptible eye is infected with this virus, the 
usual effect is the production of a relatively 
mild inflammation, but should conditions ex- 
ist for the rapid passage of the pathogen 
from the infected eye to a series of suscepti- 
ble eyes, then a strain of virus is produced 
that is much more specifically adapted to the 
superficial tissues of the eye. Infection with 
this virus strain produces the lesions of clas- 
sical epidemic keratoconjunctivitis. 

The difficulties in accounting for the per- 
manent existence of the virus in North 
America purely on the basis of continued 
eye to eye transmission have been discussed 
in a previous paper.t In between major 
epidemics, cases of epidemic keratoconjunc- 
tivitis are extremely difficult to find, as those 
who have been trying to isolate the virus in 
the past few years are only too well aware. 
i myself have been searching for acute cases 
in the period 1953 to 1955 with the assistance 
of ophthalmologists in the midwest and east- 
ern parts of the country with complete lack 
of success, and this has been much the find- 
ing of workers in the west as well. However, 
there were small outbreaks in Denver,” Chi- 
cago, and Philadelphia in that time. One 
concluded either that the infection was being 
imported from outside the country or else 
it existed somewhere in a masked form. 

The possible connection of epidemic kera- 
toconjunctivitis with some nasopharyngeal 
infection was first noted in 1951 when it was 
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observed that the eye lesions of Greeley dis- 
ease resembled mild cases of epidemic kera- 
toconjunctivitis.* Greeley disease was an 
entity consisting of conjunctivitis, pharyn- 
gitis, muscle pain and pyrexia, and was 
later shown to be caused by infection with 
adenovirus type 3.* This observation has 
been confirmed in similar epidemics both in 
England® and Canada.® Inoculation of vol- 
unteers with either adenovirus type 3 or type 


4 was found to produce a nonpurulent con- 


junctivitis with no corneal opacities,’ but 
another similar experiment on a single vol-— 
unteer did produce opacities.* Finally from 
an Asiatic sailor with epidemic keratocon- 
junctivitis on board ship in San Francisco, 
a virus was isolated that proved to be a 
member of the adenovirus group and which 
was designated as adenovirus type 8.° 

It is interesting, however, that the typical 
severe illness of epidemic keratoconjunc- 
tivities has not been reproduced by in- 
oculation of volunteers with an adenovirus 
and even if adenovirus type 8 virus were 
shown to cause such an illness, it would still 
be necessary to prove it to be the etiologic 
agent of the disease in North America as dis- 
tinct from Asia and to explain where it is 
between epidemics. The second part of the 
theory, that a new strain of virus evolves 
in the course of direct eye to eye passage 
covers these points. The evidence in support 
of it is that in almost all outbreaks that have 
been adequately reported, it is specifically 
mentioned that the earliest cases to be found 
are mild, atypical, and often without opaci- 
ties but that the later ones are much more 
severe and classical in form. © 

This pattern of disease was fomnd | in the 
following outbreaks : 

In New York in 1942, when the first case 
“appeared to be a mild case without corneal 
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involvement” ;? in a midwest city epidemic 
in 1951, when typical opacities “were found 
in eight of the nine cases, the only one not 
developing being the first case’ ;*® in a very 
‘large epidemic in the General Electric plant 
at Schenectady in 1942, when the early cases 
were described as mild and atypical;** in 
Denver, in 1953, when the initial patient had 
a chronic mild conjunctivitis for many 
months but developed the classical epidemic 
keratoconjunctivitis seven days after being 
treated with cortisone and then infected his 
and his physician.” 

The experience of the epidemic in 1951 at 
the Ford works in Windsor, Canada, sup- 
ports the theory.*? “In March, 1951, how- 
ever, at the infirmary in the Ford Motor 
Plant, the number of patients reporting with 
eye symptoms suddenly increased. These pa- 
tients were complaining of a mild irritation 
in one or both eyes which were not thought to 


be other than the usual eye infections seen 


commonly in industrial practice. 

“Between the second and third weeks fol- 
lowing the appearance of the first cases, the 
nature of the disease changed abruptly. The 
onset of the symptoms was rapid and the 
course more acute. Corneal opacities oc- 
curred in the majority of the acute cases. 

“As soon as it was evident that an epi- 
demic of eye inflammation was in progress, 
certain measures were taken. to prevent its 
spread from one individual to another. 

“As the epidemic was subsiding in July, 
the eye infections were again much less 
severe and resembled those of the first pa- 
tients encountered during May. 

“The benign course of the first cases of 
epidemic keratoconjunctivitis occurring dur- 


ing the first three weeks of this epidemic and 
of those in the last month of the epidemic 
suggest a gradually increasing virulence in 
the virus as the epidemic progressed to its 
heights, with a subsequent decrease of viru- 
lence to the point where it was no longer in- 
fective.” 

This epidemic at Windsor is readily ex- 
plainable much in the way as given by the 
authors of the paper quoted. There would be 
initially an outbreak of adenovirus infection 
as described for Greeley disease, with a num- 
ber of patients suffering from conjunctivitis, 
then after a time some different eye-to-eye 
spread would lead to the appearance of an 
eye adapted strain producing more severe 
lesions. With the commencement of preven- 
tive measures this strain of virus would die 
out, leaving the milder form, which in turn 
would disappear as the whole population 
would be immunized by the airborne spread 
of the adenovirus. Incidentally, pharyngitis 
has not been described as a feature of epi- 
demic keratoconjunctivitis but a _ virus 
adapted to the eye might well lose its viru- 
lence for the pharynx. 

_ In areas such as Asia, where the hygienic 
conditions are such that direct eye to eye 
spread can be permanently maintained, the 
process of passage continued over many 
years could be expected to produce an organ- 


ism varying significantly from the parent 


strain. It is therefore predicted that antigenic 
differences will be found between the epi-— 
demic keratoconjunctivitis viruses of North 
America and Asia. 


c/o World Health 
Box 1505. 2 
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ACUTE HERPETIC KERATOCONJUNCTIVITIS* 
Atson E. Bratey, M.D. 


lowa City, Iowa 


Clinically, the disease is similar to epi- 
demic keratoconjunctivitis. There is edema 
of the conjunctiva, some chemosis, edema of 
the upper and lower lids, and a follicular 
conjunctivitis. The follicular conjunctivitis 
is frequently associated with the preauricular 
lymph adenopathy. The conjunctivitis is asso- 
ciated with either of two types of keratitis. 


During the first few days of illness, a diffuse 


epithelialitis is evident. At times, small den- 
dritic figures may be present in various parts 
of the cornea. However, the dendritic figure 
is usually present in the palpebral fissure near 
the lower border of the cornea. 

Maumenee, Hayes, and Hartman’ re- 
ported an interesting group of cases of epi- 


demic keratoconjunctivitis and herpetic kera- _ 


toconjunctivitis in which they stated that 
herpes simplex virus can cause a keratocon- 
junctivitis which is clinically almost identical 
to that caused by epidemic keratoconjuncti- 
vitis. Maumenee et al.* reviewed the litera- 
ture on acute herpes keratoconjunctivitis and 
found several cases reported of nonbacterial 
pseudomembranous conjunctivitis in which 
inoculation on a rabbit’s cornea resulted in 
a “take” which was considered to be herpes- 
simplex virus. 


Two of a total of six cases reported in . 


the literature developed dendritic keratitis in 
the later stages of the disease. Gundersen,’ 
in 1936, also listed four cases of conjuncti- 
vitis without keratitis due to herpes-simplex 
virus. Three of these patients had herpes 
of the lips. Maumenee et al.’ state that one 
of the most helpful features, when it occurs, 
in differentiating the herpes conjunctivitis 
from epidemic keratoconjunctivitis is the 


* From the Department of Ophthalmology, Uni- 
versity of Iowa College of Medicine. 
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presence of herpetic vesicles on the lips or 
lid margins. 

In my experience, acute herpetic kerato- 
conjunctivitis is a disease of yoting children 
and teen-agers. It usually begins as a unilat- 
eral acute conjunctivitis. The keratocon- 
junctivitis may occur alone as a follicular 
conjunctivitis associated with a preauricular 
lymph adenopathy and mild malaise. At 
times there are small vesicles on the cilia line 
which develop into small ulcers and which 
crust as healing occurs. The conjunctivitis 
may be associated with a local dermatitis of 
the eyelid, in which there are herpeta-form 
lesions of the upper lid and at times on the 
lower lid. In my experience, the skin of 
the upper lid is more frequently involved. 

The keratoconjunctivitis is sometimes as- 
sociated with herpes labialis and stomatitis. 
This is particularly true in infants and young 
children. 

The conjunctivitis may be part of a gen- 
eralized herpetic infection which may in- 
volve the face and occasionally other parts 
of the body. While the herpeta-form derma- 
titis associated with conjunctivitis appears to 
be most frequent in infants and young chil- 
dren, I was able to isolate herpes virus from 
vesicles and from the conjunctiva of a young 
woman in 1947, 

This young lady was referred to me by 
Dr. Beatrice Keston because of her acute 
conjunctivitis. She had an extensive herpeta- 
form dermatitis of the face and upper trunk. 
I was able to remove the fluid from one of 
the vesicles in the skin, a herpes virus was 
isolated from the vesicular fluid and from 
scrapings from the conjunctiva. The keratitis 
has been the constant feature of all these 
cases. | 

The keratitis is usually diffuse during the 


= 
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early phases of the disease but develops a 
dendritic pattern as the disease progresses. 
Even in the early phases, when there is a 
diffuse epithelialitis of the cornea, there is 
considerable loss of corneal sensitivity. This 
loss of corneal sensitivity is an important 


differentiating point between acute herpes 


keratoconjunctivitis and epidemic keratocon- 
junctivitis in which there is no loss of 
corneal sensitivity in the early phases of the 
disease. I think that acute herpetic kerato- 
conjunctivitis is associated with edema -of 
the lids and chemosis, and a follicular con- 
junctivitis with keratitis is probably a pri- 
mary infection of herpes-simplex virus. 

In the few cases where I have been able to 
measure the neutralizing substances present 
in the serum from patients with acute herpes 
keratoconjunctivitis, there has been a gradual 
rise in the titer of these circulating substances 
against a known strain of herpes-simplex 
virus. During the acute phase of the disease, 
there are no neutralizing substances, but 
subsequently neutralizing substances can be 
demonstrated in the serum. 

Acute herpetic keratoconjunctivitis usually 
runs a course of from two to three weeks, 
but some keratitis may persist for several 
weeks after the acute phase of the disease 
has subsided. Fine opacities of the superfi- 
cial cornea are not uncommon under what 


was the dendritic figure. Since those dendrit- 
ic figures associated with keratoconjunctivi- 
tis are frequently in the lower half of the 
cornea, there is _— very little visual 
disturbance. 


SUMMARY 


Acute herpetic keratoconjunctivitis may 
occur as a primary infection of the eye 
alone, associated with a stomatitis and/or 
labialis. It may occur as a part of a herpetic 
infection on the lids or of the face. It may 
occur as a part of a generalized hepatitis. 
When there is a well-developed dendritic 
figure on the cornea, the diagnosis is rela- 
tively simple. However, when there is a 
superficial keratitis, without any definite 
pattern, loss of corneal sensitivity may be an 
important diagnostic point. 

I feel that an attempt to isolate the virus, 
either from the conjunctiva or from some of 
the vesicles on the lid border, should be 
made. Blood samples should be taken to 
demonstrate the presence or absence of neu-. 
tralizing substances in the serum. If a rise in 
titer of these substances can be demonstrated 
during the disease process, then a presump- 
tive diagnosis of herpes- mars infection 
can be made. 


University Hospitals. 
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SUPERFICIAL FORMS OF HERPETIC KERATITIS* 
Hucu L. Ormssy, M.D. 


Toronto, Ontario — 


Herpes-simplex virus infections of the 
human cornea characteristically produce a 
branching or dendritic type of ulceration in 
the epithelium. In the early stages, a vesicle 
appears and enlarges in a series of branch- 
ing processes to form the typical dendrite. 
The variations in the corneal picture, seen 
clinically, are due to such factors as the 
strain and virulence of the infecting agent, 
the degree of local immunity in the cornea, 
the existence of circulating humoral anti- 
_ bodies, the duration of the disease, the his- 
tory of previous attacks in the same eye, the 
effect of treatment, and the presence or ab- 
sence of secondary infecting agents. 

A single vesicle may be studied histologi- 
cally in the rabbits’ cornea 24 to 36 hours 
after infection. There is a marked edema 
in the basal epithelial cells, extending to all 
superficial layers, and a grouping of nuclei to 
form giant cells. There is a tendency for the 


superficial cells to slough off. The typical | 


Lipschiitz body is a late development, and 
characteristically appears after 36 hours, 
forming a deeply staining eosinophilic in- 
tranuclear body. Smaller eosinophilic bodies, 
indicative of a response to trauma, may 
sometimes be seen in control scarified cor- 
neas in the basal layers of the epithelium. 
These must not be confused with the typi- 
cal Lipschiitz body. Stromal edema may be 
seen histologically after 72 hours, and new 


_ blood vessels begin to invade the cornea from - 


this time onward in rabbits. 

Clinically, the dendritic ulcer is typical in 
appearance and is easily recognized even by 
the inexperienced. Variations in the form 
of the ulcer occur frequently enough to bear 
description. In the event that treatment of 
the dendritic ulcer has been ineffective, or 
that the ulcer has not been recognized, it will 


*From the Department of Ophthalmology, Fac- 
ulty of Medicine, University of Toronto. 


usually continue to increase in size until 
large areas of the epithelium have become 
involved, and the “geographic ulcer” with 
uneven branching edges is formed. 

- Filaments of epithelium occur in corneas 
which have been subject to prolonged edema, 
or in ulcers which have been too frequently 
cauterized, resulting in poor adhesion be- 
tween the basal layers and Bowman’s mem- 
brane. These epithelial strands become drawn 
out by the movements of the eyelids, and be- 
come twisted upon themselves like rope. 

Secondary bacterial infection rarely occurs 
in early dendritic ulceration of the cornea. 
However, in prolonged ulceration, secondary 
staphylococcic invasion of the ulcer bed may 
seriously hinder healing. For this reason, in 
long-standing ulcers of the cornea, antibiot- 
ics can often be used advantageously. 

Marginal ulcers of the cornea normally 
result from a breakdown in the tissues at the 
limbus, secondary to bacterial infection of 
the lids or conjunctiva. Marginal ulcers, due 
to the virus of herpes simplex, occasionally 
occur peripherally near the limbus and may 
assume atypical characteristics. Due to the 
influence of humoral antibodies in the limbal 
vessels, the ulcer seldom extends as far as to 
the periphery, leaving a small ring of clear 
cornea. Central to this clear area, a deep 
chronic indolent nonbranching ulcer forms a 
gutter paralleling the limbus. 

Superficial punctate erosions, occurring 
in herpetic keratitis, are also a manifesta- 
tion of corneal malnutrition secondary to 
long-standing infection. However, in the 
earliest stage of acute primary ulceration 
due to the herpes-simplex virus, a number 
of small erosions, staining with fluorescein, 
may be seen with the slitlamp. Within 24 


-hours these develop into small dendritic fig- 


ures. 
Large recurrent erosions of the cornea, 
similarly, may occur in herpes simplex 
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corneae. They usually appear in healed le- 
sions in which a weak adhesion exists be- 
tween the epithelium and Bowman’s mem- 
brane. Like the punctate erosions, they in- 
dicate an unstable epithelium but occur at 
the stage of healing or after healing has 
been long established. 


ASSOCIATED LESIONS 


Follicular conjunctivitis is an invariable 
accompaniment of acute primary herpetic 
keratitis of children. In adults with circulat- 
ing humoral antibodies to the virus, a fol- 
licular reaction seldom accompanies the den- 
dritic ulceration. 

Conjunctival ulcers, due to herpes-sim- 
plex virus, may be seen occasionally as a 
primary or secondary manifestation of den- 


dritic keratitis. These ulcers of the con- 


junctiva are of short duration, healing spon- 
taneously in a few days. 

Herpetic ulcers of the eyelids and lid mar- 
gins frequently precede the initial corneal in- 
fection in adults. Frequently there is a his- 
tory of recurrent lesions in these areas over 


a period of many years before the cornea — 


becomes involved. 


THERAPY 


_ Unlike the adenoviruses, which are highly 

resistant to antiseptics, the herpes-simplex 
virus is readily destroyed by antiseptics such 
as iodine and ether. Thus, cauterization of a 
dendritic ulcer with iodine, together with 
denudation of the epithelium, is an effective 
method of treatment for the superficial le- 
sions. 

Following the introduction of the antibi- 
otics, hope was initially held that these new 
agents might prove effective in the treatment 
of herpetic lesions. Early clinical trials with 
aureomycin (Braley and Sanders,’ Thygeson 
and Hogan’) were thought to be favorable, 
but all authorities now agree that none of the 
antibiotics now in use has any effect on the 
course of a dendritic ulcer. Studies (in vitro) 
with one strain of virus in our hands* showed 
that the titer was lowered by aureomycin, in 
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concentrations comparable to those obtained 
in the conjunctival sac during topical therapy. 
It is not thought likely, however, that intra- 
cellular virus is affected by the drug. 

The role of immunity in virus infections 
of the cornea is of interest. In the’ rabbit, it 
has been shown in our laboratory* that fol- 
lowing recovery from a primary herpetic 
keratitis, the same eye is relatively immune 
to a subsequent inoculation within a period of 
three months, whereas the second eye, upon 
inoculation, undergoes a typical primary re- 
action in spite of the presence of circulating 
antibodies. That these circulating antibodies 
play a small but important part in protecting 
the second eye was shown by the lessened 
conjunctival exudate and reduced residual 
scarring in this “protected” eye. 

In further studies on corneal immunity?® it 
was shown that upon hyperimmunization of 
the rabbit with intravenous vaccinia virus, 
titers up to 20 times those obtainable by skin 
or corneal vaccination resulted, but protec- 
tion of the previously uninoculated cornea to 
an inoculation with the virus could not be 
obtained. On the other hand, subconjunctival 
vaccination with attenuated virus following 
primary skin vaccination resulted in com- 
plete protection of the cornea in a number 
of eyes upon inoculation with the virus three 
days after the last injection. 

Therapy of herpes-simplex infections with 
corticosteroids has been shown by many 
workers to have a deleterious effect on the 
corneal lesions.®** 


SUMMARY AND CONCLUSIONS 


1, The typical superficial form of herpetic 
keratitis is the dendritic ulcer. Variations in 
the typical pattern are due to the differences 
in the strain and virulence of the virus, the 
degree of local and humoral antibodies, the 
presence of secondary infection, and the type 
of therapy. | 

2. Associated herpetic ulcers of the skin of 
the face, lids, and lid-margins are commonly 
present and frequently precede or accom- 
pany the corneal infection. 


| 
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3. Therapy with antibiotics is ineffective 
in herpes-simplex infections, whereas denu- 
dation of the epithelium followed by cauter- 


_ ization with iodine is usually effective. Hor- 


monal therapy has a deleterious effect on the 
superficial herpetic lesions. 

4. The presence of circulating antibodies 
modifies the degree of reaction in an eye 
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with dendritic ulceration, but in the absence 
of vascularization of the cornea, does not 
overcome the infection or prevent its recur- 
rence. Local tissue antibodies have been 
shown experimentally to play a significant 
role in recurrent infection of the cornea. 


Banting Institute (5). 
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‘DEEP FORMS OF HERPETIC KERATITIS* 


PHILLIPS THYGESON, M.D., AND SAMUEL J. Kimura, M.D. 
San Francisco, California 


It is well known that the typical herpetic 
lesion is epithelial. On the skin and mucous 
membranes it is always epithelial and scar- 
ring does not occur unless there is secondary 
infection with pyogenic bacteria. Excep- 


tionally, however, deeper tissues may be in- 


volved in herpes-simplex infection, particu- 
larly in a primary attack. This is the case in 
the primary herpetic hepatitis’ and herpetic 


encephalitis? that may occur in infants and . 


children. 

Although these disseminated forms may 
sometimes produce lethal tissue changes, 
cicatrization is not one of them. In contrast, 
scar formation is a principal, if ‘not invari- 


*From the Department of Ophthalmology and 
the Francis I. Proctor Foundation for Research in 
Ophthalmology, University of California School of 
Medicine. 


able sequela, of all corneal disease due to 
herpes-simplex virus, and it is this feature 
which makes herpetic keratitis, even in its 
most superficial form, definitely hazardous 
to vision. 

Chronicity is another feature of herpetic 
infection which seems to develop only in the 
cornea; herpes-simplex lesions of the con- 
junctiva and lids, for example, are invari- 
ably of short duration and heal spontane- 
ously. 

No explanation has been offered for these 
two unique features of corneal herpes ex- 
cept that they may be related to the fact 
that the cornea is avascular and does not 
participate fully in the immune processes of 
the body as a whole. One can say that sub- 
epithelial involvement of the cornea is the 
rule, and that although it may be confined to 
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Fig. 1 (Thygeson and Kimura). Disciform keratitis. 


the superficial subepithelial layer (Bowman’s 
membrane), the stroma tends also to become 
involved ; in a recently reported University 
of California series* there was stromal in- 
volvement in 59 of 200 cases. 


DISCIFORM KERATITIS 


The classic example of deep involvement 
in herpetic keratitis is disciform keratitis 
(fig. 1), a viral lesion due principally to 
herpes-simplex virus but rarely to such other 
viruses as herpes-zoster virus, vaccinia virus, 
and the viruses of mumps and varicella. In 
_ the typical benign case, the lesion is charac- 
terized by an intense edema of the stromal 
fibers, limited principally to the central two 
thirds of the cornea and unaccompanied by 
any major necrosis of stromal fibers, or even 
by any new-vessel formation. This deep le- 
sion may follow a clearly demonstrable su- 
perficial lesion such as the dendritic ulcer, 
or it may follow an insignificant epithelial 
lesion or one which occurred before the pa- 
tient was first seen. Such benign cases tend 
to run a definite course of from two to three 
months and to heal with minimal scarring 
and little or no diminution of vision. This 


benign type of case was seen frequently in 
the prewar period but in our experience has 
become increasingly rare. 

The more common type of disciform kera- 
titis results in dense scar-formation, and 
sometimes in corneal necrosis with perfora- 
tion. This severe form of the disease has 
been a feature of the postwar years and par- 
ticularly of the period dating from the in- 
troduction of cortisone and the other ster- 
oids. Disciform keratitis now commonly fol- 
lows an initial dendritic keratitis and is a 
dreaded development. Unlike the more be- 
nign prewar type of case, this severe type 
tends to last for many months, or even a 
year or longer, and to reduce visién serious- 
ly, often to light perception only. A most 
troublesome and painful complication is the 
development of secondary herpetic uveitis 
or iridocyclitis, often with secondary glau- 


‘coma. In this connection it should be men- 


tioned that as a result of the characteristic 
corneal anesthesia, herpetic keratitis in the 
absence of uveitis or secondary ero is 
relatively painless. 

An almost invariable feature of this severe 
form of herpetic keratitis is a bullous kera- 


-topathy, and when the bullae rupture there 


is an exposure of the corneal stroma to sec- 
ondary bacterial infection. 

During the course of the keratitis program 
we have been conducting at the University 
of California during the past two years, we 
have seen in consultation a number of such 
cases of bullous keratopathy in which sec- 
ondary bacterial or fungal infection has su- 
pervened. If the herpetic reaction is very 
severe and there is marked necrosis of the 
stroma, a deep herpetic ulcer results. Some 
of these lead to perforation and loss of the 


eye, or to the so-called “hypopyon keratitis” 


that will be discussed later. 


HERPETIC INTERSTITIAL KERATITIS 


As an extension of disciform keratitis, 
the entire corneal stroma may become in- 
volved. In our experience all such intersti- 
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tial cases have gone through a disciform 


stage. If this is the case and the patient is 


under continuous observation, the lesion can- 
not be confused with such other forms of in- 
terstitial keratitis as those due to congenital 
syphilis and tuberculosis. Herpetic sclero- 
keratitis and “herpes corneae posterior” have 
been referred to in the literature but have 
not been observed in our series. Since the 
clinical diagnosis of herpetic keratitis may be 
difficult unless a dendritic or disciform lesion 
has occurred, it seems to me that in some of 
the cases reported in the literature the diag- 
nosis of herpetic etiology is open to question. 


HyYpoPpyoN KERATITIS 


Some of the dendritic ulcers observed in 
our series, particularly among those treated 
with steroids, have involved the anterior 
third of the cornea. Many of the so-called 
“geographic map” ulcers have been of this 
type. Deep ulceration, strictly comparable to 
the familiar deep central ulcer caused by 
various bacteria, particularly the pneumo- 
coccus, and by various fungi, particularly 
monilia, has also been seen as part of the 
herpetic keratitis picture. Of the 10 such 
ulcers observed in our seriés, six appeared to 
be due, at least in part, to secondary infec- 
tion, and four to herpes-simplex virus alone. 
Hypopyon and severe uveitis have compli- 
cated both types, and both types have also 
_ been seen without hypopyon or uveitis. 

The diagnosis of herpetic hypopyon kera- 
titis has been simple when it has been possi- 
ble to follow the case from the onset of a 
dendritic lesion, but late cases, seen in con- 


sultation only, have sometimes presented a- 


diagnostic problem. In the absence of a virus 
isolation, two clinical features have been 
found to be particularly helpful diagnosti- 
cally. These are: | 

1. The total anesthesia of the cornea, 
which is conspicuously uncharacteristic of 
any of the hypopyon ulcers due to bacteria 
or fungi. | 

2. The ulcer’s retention, at least in part, 


Fig. 2 (Thygeson and Kimura). Herpetic 
hypopyon ulcer. 


of the characteristic ameboid or geographic 
map configuration (fig. 2). 

The examination of scrapings from these - 
deep ulcers has not yielded any diagnostically 
significant cytologic features like the giant 
epithelial cells found in superficial herpetic 
ulcers, but direct scrapings have been very | 
useful in determining the presence or ab- 
sence of secondary bacterial infection. Cul- 


tures have of course also been taken rou- 


tinely, but infecting organisms have always 
been demonstrable first in scrapings. 


HERPETIC IRIDOCYCLITIS 


A transient iris irritation (self-limited, 
accompanied by only a few cells in the aque- 
ous beam, and with no keratic precipitates 
on the endothelium) is a common feature of 
the superficial form of herpetic keratitis. The 
iridocyclitis secondary to stromal forms of 
herpetic keratitis, however, is quite a differ- 
ent matter. It may be extremely severe and 
characterized by a circumcorneal flush, a 
heavy aqueous beam, many cells, and multi- 


: ple keratic precipitates of medium size. 


The cases in our series have shown a 
marked tendency to synechia formation and 
to secondary lens opacification. In about half 
the cases a rise in intraocular pressure has 
been noted. In a few instances we have been 
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able to study the aqueous obtained by punc- 
ture, but no herpes-simplex virus has been 


isolated. In spite of this failure, we believe - 


that the iridocyclitis represents an extension 
of the virus into the uveal tissue since it 
tends to persist for some time after the orig- 
inal corneal lesions have healed. 

As already mentioned, the severe pain that 
characterizes herpetic uveitis is in sharp con- 
trast to the lack of pain associated with 
the pure keratitis. The severity of the iri- 
docyclitis observed in our series has seemed 
to warrant our referring to it as a definite 
entity, that is, “herpetic kerato-uveitis.”’ It 
is of interest that topical administration of 
the steroid hormones, which in herpetic kera- 
titis has markedly suppressed the inflamma- 
tory signs, has had little suppressive effect 


on either the inflammation or the pain of the — 


iridocyclitis. As will be discussed later, a 
high incidence of the unfavorable effect of 
steroid therapy on the clinical course of all 
types of herpetic corneal lesions has been 
noted in our series. | 

In the course of our studies of herpetic 
keratitis in the postwar years, we have in a 
number of cases observed the development 
of an iridocyclitis, without keratitis, in an 
eye previously subject to recurrent dendritic 
keratitis. Material from these cases has not 
been available for study, but the occurrence 
of such an iridocyclitis following fever or 
some other typical trigger mechanism war- 
rants the conjecture that it may represent 
simply a recurrence of the disease in deep 
tissue, a part of the whole herpetic recur- 
rence pattern. In the absence of a previous 
herpetic lesion of the cornea, however, we 
never have seen an iridocyclitis which we 
could regard as herpetic. In the literature 
there are claims that herpetic uveitis can 


occur in the absence of any previous corneal — 
disease. Unfortunately the diagnosis of her-— 


petic uveitis must be presumptive at best 
since iris tissue cannot be examined and 
since aqueous punctates are notoriously un- 
satisfactory for demonstrating microbial 
agents in any type of uveitis. 


RELATION. OF USE OF STEROID HORMONES TO 
DEVELOPMENT OF DEEP FORMS OF HERPETIC 
KERATITIS AND UVEITIS 


The striking suppressive effect of topical 
steroid therapy on the inflammatory phases 
of herpetic keratitis led to an early unwar- 
ranted enthusiasm for this form of treat- 
ment. This suppressive treatment was also 
popular with the patients, and once the ster- 
oids had been used it was almost impossible 
to wean the patients from them. It was soon 
recognized,* however, that these preparations 
had a masking effect which in some instances 
led to deep extension of the disease with ul- 
timate loss of the eyes. A number of ob- 
servers have reported perforations of the 
cornea in perfectly white eyes that were un- 
dergoing topical steroid therapy. 

As a result of my own unhappy experi- 
ence, I have been forced to conclude that 
topical cortisone therapy often increases the 
chronicity of the disease, the necrosis of 
stromal fibers, and the incidence of uveal 
complications (fig. 3). Regrettably, perhaps, 
this adverse effect of the steroid has not 
been uniform: I have records of four cases 
of dendritic keratitis that healed while the 
patients were receiving topical cortisone 
therapy. | 

It is a fact, however, that in our series all 
the severe cases of herpetic keratitis with 


Fig. 3 (Thygeson and Kimura). Extensive cor- 
neal scarring in a case of herpetic disciform kera- 
titis receiving extensive topical steroid therapy. 
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DEEP FORMS OF HERPETIC KERATITIS 


deep involvement and uveitis have been un- 
der steroid therapy at one time or another 


in the course of the disease. Perhaps it is 


unfair to blame the steroids for the greatly 
increased severity and frequency of these 
deep forms in the postwar years but there 
is certainly experimental evidence, as Dr. 
_ Kimura: will report, that herpetic keratitis in 
the rabbit is worsened by topical steroid 
therapy. 


SUMMARY AND CONCLUSIONS 


The deep forms of herpetic keratitis and 
kerato-uveitis encountered in our keratitis 
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series at the University of California are de- 
scribed. An increase in the severity and fre- 
quency of the deep forms in the postwar 
years has occurred concomitantly with the 
use of topical steroid hormone therapy. It 
is believed that the steroids have had only 
a masking effect on the disease and that they 
are at least partially responsible for the in- 
creased incidence of deep forms and visual 
loss. The nature of herpetic iridocyclitis and 
the possibility that an herpetic iridocyclitis 
may occur without a keratitis are examined. 
University of California 
Medical Center (22). 
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THE ETIOLOGIC ROLE OF THE VIRUS OF HERPES SIMPLEX 
IN OPHTHALMIC DISEASE 


GEOFFREY W. 


RAKE, M.B.* 


New York, New York 


In order to survey the role which the virus 
of herpes simplex may play in human oph- 
thalmic disease, it would seem best to begin 
by reviewing the natural history of the in- 
fection of man with this agent. One should, 
however, stress that herpes corneae is prob- 
ably the most important keratitis which we 
are likely to encounter in this country. 

The virus itself is, over a period of time, 
to be found almost ubiquitously in man and 
his excretions. So much so is this the case 
that over 60 percent of individuals have 
been infected by the age of five years and 


* Research Professor, Microbiology in Medicine, 
University of Pennsylvania, Philadelphia; Scien- 
tific Director, International Division, Olin Mathie- 

son Chemical Corporation, New York. 


over 90 percent by the age of 15 years.* In 


by far the larger number of cases, over 99 
percent, these primary infections are silent 
and can be detected only by a rise in neu- 
tralizing antibodies? and by the almost uni- 
versal tendency for the individual now to 
carry the virus in the tissues and to suffer 
from attacks of recurrent herpes or fever 
blisters (fig. 1). This high infectivity but 
low patent morbidity suggests that herpes 
simplex may be an ancient infection of man- 
kind in which the virus has attained an al- 
most perfect symbiosis for its primary host, 


although still highly pathogenic for other 


species. In this is may resemble B. virus 
in monkeys and pseudorabies in swine. 
Not in every case, however, is this har- 
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Fig. 1 (Rake). Host-parasite relationship of herpes-simplex virus in man. (F rom Blank and Rake, 1955.) 


monious relationship so painlessly estab- 
lished. In perhaps one case in 500 the pri- 
mary invasion of the body by the virus is 
accompanied by disease. In our experience 
this primary disease is usually what is known 
as acute herpetic gingivostomatitis—an acute 
and often serious disease with malaise, fever, 
and regional lymphadenopathy. It may, how- 
ever, assume one of many other forms, in- 
cluding ophthalmic disease. 

Now, although, because of the high prev- 
alance of maternal neutralizing antibodies 
for the virus, most children are born with 
such antibodies, these disappear in the next 
six months and from then until the age of 
two years the presence of specific antiher- 
petic antibodies is unusual (fig. 2). This and 
the immediately following period of life is 
the time of greatest susceptibility and the 
time at which the manifestation of primary 
infection, whether it be Kaposi’s eruption, 
gingivostomatitis, or acute keratoconjunc- 
tivitis, can be expected to occur. At the be- 
ginning of the infection, then, herpes neu- 
tralizing antibodies are absent; but they ap- 
pear within five to 10 days unless the dis- 
ease progresses rapidly to a fatal outcome. 


The skin test* also becomes positive; both 
are diagnostic of the nature of the primary 
infection, | 

In rare cases, perhaps because of low ma- 


ternal antibodies or of a high dose of virus — 


or of prematurity (and therefore greater 
susceptibility, the immature cells of all spe- 
cies being notoriously more vulnerable) or a 


‘combination of any two or all three, infec- 


tion of the infant may occur during birth. 
In such cases the mother usually has recur- 
rent herpes on the vulva or elsewhere around 
the genitalia. The disease usually commences 
on the skin, mucous membranes, or in the 
eye, and then becomes systemic and severe, 
not infrequently progressing to death. In the 
present instance the eye lesions, which may 
occur on the cornea, the conjunctiva, or the 
lids, are incidental and usually minor in the 
over-all picture and will not be discussed in 
greater detail. 

Mention has already been make of the 
ubiquitous nature of the virus and this ob- 
viously plays an important role in the na- 
tural history. Not only do the majority of 
persons carry the virus continuously, if la- 
tently, in the tissues, but they suffer from 
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Fig. 2 (Rake). Incidence of herpes-neutralizing antibodies in the blood of 131 children. Numbers within 
each column indicate the number of children tested at each age. (From Scott et al., 1953.) 


frequent attacks of fever blisters during 
which the virus is plentifully present in the 
open lesions. Even more important, the virus 
is present in the nasal and oral secretions 
or stools of 20 percent of apparently normal 
children and only less frequently in adults 
(fig. 3). It is of little wonder, therefore, 
that a high rate of infection is maintained 


constantly in such civilized communities as 


have been examined. | 

The nature of the agent, as it is carried 
in the tissues between attacks of recurrent 
herpes or fever blisters, is unknown. Blank 
and Rake? have suggested a condition akin 
to lysogeny in bacteriophage, but repeated 
careful attempts to demonstrate this experi- 
mentally have been unavailing.® In most in- 
dividuals there will be a particular zone of 
the body, most frequently on the face but 
also around the genitalia, and not uncom- 
monly on the cornea or conjunctiva, in which 
the recurrent lesions will occur. Any of sev- 


eral noxious stimuli, chemical or physical, 
or even mental stress, will cause a recur- 
rence, and a given individual is liable to 
have a particular trigger to which he or she 
is responsive. These recurrent attacks may 
occur in the area of the primary manifesta- 
tion when such occurred, but in any case the 
vesicles are smaller and the whole attack less 
severe than in the primary infection. 

These recurrent attacks do not change the 
level of neutralizing antibodies which tend 
to be as high before the episode as after® 
(fig. 4). Virus can be isolated from the le- 
sions and that it maintains its full virulence 
for its natural host is shown by such exam- 
ples as those in which an infant is infected 
during birth from herpetic lesions around the 
maternal genitalia and frank and severe pri- 
mary infection ensues. It is, therefore, not 
only the nature and perhaps the whereabouts 
of the virus between attacks which is puz- 
zling but also the whole picture of host-virus 
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Fig. 3 (Rake). Results of a study 
of 553 subjects with neutralizing 
herpes-simplex serologic antibodies, 
From these carriers the virus could 
be isolated in varying numbers, de- 
pending upon age. It is of interest 
that 20 percent of the children, aged 


-from seven months to two years, 


had virus in their mouths, for this 
is the age range of the highest in- 
cidence of inapparent (subclinical) 
infections. (From Buddingh et al., 
1953.) 


64} =—:sATTACK OF 
HERPES SIMPLEX 
16F 
Al 
O 
51024} 
~ 
256 
> 
6a 
{6+ roe 
MONTHS 


Fig. 4 (Rake). Neutralizing antibody in three adults with recurrent attacks of herpes simplex. The 
antibody level is unchanged, within experimental error, before, during, or after each attack. (From Scott et. 


al., 1953.) 
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relationship. If it were not for the fact that 
the recurrent lesions manifest themselves on 
the body surface, it is doubtful if the attacks 
would or indeed could usually be recognized. 
Under these circumstances one is led to 
wonder if other viral infections without such 
superficial manifestations may not behave 
in manner identical to herpes simplex but 
escape our recognition. 

This story of herpetic infection in man 
may now be related etiologically to disease 
of the eye. The eye may be affected during 
the course of the primary infection when 
that is overt. It has been pointed out such 
infection may occur during the act of birth 
and in such cases the lesions in or around 
the eye are only incidental in the more gen- 
eral and severe infection. More frequently, 
and therefore of greater consequence, is the 
appearance of the primary infection in the 
form of an acute keratoconjunctivitis. In 
this condition, from which herpes virus may 
regularly be isolated, the cornea becomes 
hazy with superficial ulcerations which even- 
tually heal without scarring, the lids are 
closed, edematous, and markedly inflamed, 
‘and there is a membranopurulent exudate. 
Usually only one eye is involved. There are 
herpetic vesicles on the skin around the 
affected eye. The attack, which lasts from 
10 to 20 days, is accompanied by fever. . 

Recurrent secondary attacks of herpes 
may assume any of several manifestations in 
the eye. Commonest are a dendritic keratitis 
or a_ keratoconjunctivitis. Also seen are 
punctate or marginal keratitis and dendritic 
corneal ulcers which may progress to pro- 
duce disciform keratitis. Perhaps due to the 
introduction of treatment with the corticos- 
teroid hormones, progression to actual hypo- 
pyon ulcer is now seen on occasion.’ In these 
cases there are usually associated herpetic 
vesicles on the eyelids and the palpebral con- 


junctivas. As already stated, the whole at- 


tack is of less severity and shorter duration 
than the primary infection, but the danger 
exists that such damage, if repeated often, 
may result in permanent scarring. Despite 


Fig. 5 (Rake). Biopsy of a herpes-simplex vesicle 
from a Negro. (A) Low-power view (80), show- 
ing the epithelial changes and a relatively clear 
vesicle. (B) High-power view (450), showing 
the multinucleate giant cells forming in the lower- 
most part of the epidermis. Inclusions can be seen 
within many of the nuclei of the giant epithelial 
cells, and melanin is present in their cytoplasm. 
(From Blank and Rake, 1955.) 


this serious prognosis, we know of only one 
possible method which may prevent such re- 
current attacks once the pattern for their 
appearance has been established ; that is the 
removal of the affected cornea and the on- 
grafting of a new one.® 

Herpes virus may be isolated from the 
above recurrent lesions and helps to establish 
the diagnosis. In one type of case, that of 
relapsing iritis, the lesion is deep-seated and 
does not follow the pattern set out above. 
This iritis may sometimes be hemorrhagic 
and severe. | 

Attempts have been made to implicate the 
virus of herpes simplex etiologically in other 


diseases of the eye, including epidemic kera- 


toconjunctivitis. It must be emphasized that 
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this is extremely unwise in the absence of 
repeated and incontrovertible evidence. Men- 
tion has already been made of the ubiquity 
of the herpetic virus. It has been isolated re- 
peatedly from normal tissues and secretions 
and from diseased material under conditions 
that made it clear, at the time or in retro- 
spect, that it was not etiologically involved, 
but only a chance contaminant. Its isolation, 
therefore, from a single case of a given eye 
infection by itself signifies little if anything. 
Only repeated isolation of the virus, a pro- 
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cedure which is not difficult, or the consis- 
tent demonstration in smear or section of the 
typical appearance of multinucleated giant 
cells (fig. 5) which Kimura and colleagues — 
have shown to occur as typically in corneal as 
in skin scrapings, can justify the application 
of an etiologic association to the finding. 
This, which is a postulate in the establish- 
ment of any viral etiology, is paramount with 
the virus of herpes simplex. 


745 Fifthl Avenue (22). 
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LABORATORY DIAGNOSIS OF HERPETIC INFECTIONS OF THE EYE* 


Epwin H. LENNetTTE, M.D., AND ALWINE VAN ALLEN, 


A.B. 


Berkeley, California 


Of the many virus infections to which 
man is subject, infection with the herpes 
simplex virus is probably one of the most 
common. This statement is based not only 
on the widespread prevalence, and the fre- 
quency of occurrence, of “fever blisters” or 
“cold sores,” but also on the fact that more 
than 90 percent of the population over 15 
years of age possesses neutralizing anti- 
bodies to the herpes simplex virus,’ evidence 
of previous infection with this agent. 

The initial, or primary, infection with the 
virus of herpes simplex usually occurs in 


early childhood. Infants born with antibody | 


passively acquired from the mother lose the 


* From the Viral and Rickettsial Disease Labora- 
tory, California State Department of Health. 


antibody in approximately six months? 
(unpublished observations). The propor- 
tion of children with antibodies in the age 
group six: months to two years is low (period 
of high susceptibility ) and then rises, that is, 
passive immunity wanes, disappears, and 
subsequently is replaced by an active im- 
munity based on actual infection with the 
virus’* (unpublished observations). A\l- 
though primary infections may occur at any 
age, the majority, according to Blank and 
Rake,* apparently occur during the first five 
years of life. Probably less than one percent 
of the primary infections take a clinically 
overt form.‘ 

Primary infection may take any one of 
several forms clinically recognized at pres- 
ent ; these are: herpes simplex (accidental in- 
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_oculation, through close contact with the 


virus, into areas of skin whose continuity _ 


has been interrupted, either microscopically 
or grossly), visceral herpes simplex, acute 
infectious gingivostomatitis, acute herpetic 
vulvovaginitis, Kaposi’s varicelliform erup- 
tion, acute infection of the central nervous 
system, and keratoconjunctivitis. The pri- 


mary infection, whether frank or subclinical, — 


gives rise to a latent infection which prob- 
ably persists throughout life. Activation of 
the latent virus by any of a variety of stimull 
produces clinically manifest evidence of the 


activity of the virus. Recurrent infections | 


may affect the eye, giving rise to a keratitis 
or keratoconjunctivitis. According to Thy- 
geson,® herpetic keratitis, or keratoconjuncti- 
vitis, is the most important specific keratitis 
encountered in the United States. 


When present, vesicles on the eyelids and > 


palpebral conjunctivas point to the herpetic 
basis of the keratoconjunctivitis. In the ab- 
sence of such clues, the infectious etiology 
of the condition can be ascertained with cer- 
tainty only by means of laboratory studies, 
and, even in the presence of such leads as 
the appearance of circumorbital vesicles, lab- 
oratory studies are desirable to resolve defi- 


nitively the infectious etiology of the condi- 


tion. | 
This paper will be concerned with the pro- 

cedures involved in the laboratory diagnosis 

of herpes simplex virus infections of the eye. 


Dr. Jawetz, Dr. Beale, and perhaps others, _ 


will discuss the APC (adnoidal-pharyngeal- 
conjunctival) viruses or, as they have more 
recently come to be called, the adenoviruses,® 
and their role in the production of ophthal- 
mic disease. I shall, however, have occasion 
to refer to the adenoviruses since laboratory 
diagnostic procedures must take into account 
the possible involvement of any one of sev- 
eral agents which may give rise to the same 
clinical picture, in this case keratoconjuncti- 
vitis. 


TYPE OF DIAGNOSTIC PROCEDURES 
In general, the methods available for the 


laboratory diagnosis of viral diseases may be 
divided into three broad categories, namely, 
microscopic examinations, serologic tests, 
and virus isolation procedures. The useful- 
ness of each of these methods in the diagno- 
sis of herpetic infections of the eye will be 
mentioned briefly. | 


MICROSCOPIC EXAMINATIONS 


These include the examination of fixed 
and stained tissues for the presence of patho- 
logic or pathognomonic changes, as well as 
the examination of imprint preparations or 
smears from tissues, fluids, exudates, and so 


on, for the presence of inclusion bodies and 


abnormal cells. The usefulness, on the whole, 
of microscopic methods is rather sharply re- 
stricted as their value in establishing an etio- 
logic diagnosis is limited to a few diseases. 
With respect to ophthalmology, smears are 
often made from swabs or scrapings of the 
conjunctival or corneal surfaces. While the 
small eosinophilic intranuclear inclusion 
bodies (Lipschiitz bodies) characteristic of 
herpetic infection of epithelial cells may be 
present in such smears, the method is too 
undependable to use as a single diagnostic 
criterion. | 

Tzanck and co-workers,’ and more re- 
cently Blank et al., have observed that 
pathognomonic “virus type’ multinucleate 
giant epithelial cells are present in smears 
prepared from the vesicles of herpes sim- 
plex, herpes zoSter, and varicella, but not 
in other vesicular diseases of the skin. We 
are not aware, however, of any reports that 
these large multinucleated epithelial cells 
are demonstrable in smears of conjunctival 
or corneal tissue in herpes simplex virus in- 
fections of the eye. In any event, confirma- 
tion of the microscopic findings, whether 
they be positive or negative, should be ob- 


- tained by other means, either through sero- 


logic tests or isolation of the virus, or both. 


SEROLOGIC TESTS 


The so-called neutralization test is gener- 
ally employed for the determination of anti- 
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body levels in serum. The amount of anti- 
body in a patient’s serum is ascertained by 
the extent to which the serum is able to neu- 
tralize, or inactivate, the virus, as revealed by 
inoculation of serum-virus mixtures into 
suitable test animals, such as the mouse or 
the embryonated egg. Recently, development 
of more potent and refined antigens® has 
made feasible a highly specific complement 
fixation test. Both procedures will be dis- 
cussed later as to their usefulness and their 
limitations. 


VIRUS ISOLATION 


Isolation of the virus is without question 
the procedure of choice in the laboratory 
diagnosis of herpetic infections of the eye. 
Recovery of the virus represents a significant 
finding, but negative results do not neces- 
_ sarily exclude the virus as being etiologically 
responsible for the ocular infection.*® 


COLLECTION OF MATERIALS FOR 
LABORATORY EXAMINATION 


COLLECTION OF MATERIAL FOR MICROSCOPIC 
EXAMINATION 


At present, smears are of little, if any, 


value for the diagnosis of herpes simplex 
infections of the eye. However, because of 
the information they may provide with re- 
spect to the possible presence of other in- 
fections, they may, on occasion, be found of 
some use. In making films or smears, clean 
slides should be used. The swabbings or 
scrapings should be spread out as thinly as 
possible and allowed to dry. It is important 
that the preparations contain tissue elements 
in order that the presence of inclusion bodies, 
pathognomonic cells, or other types of cells 
will not be missed. Suitable methods for 
staining are described by Scott in the book 
listed under reference 10. 


COLLECTION OF BLOOD SPECIMENS FOR SERO- 
LOGIC TESTS 


Since assays of serum antibody are often 
done in living cells (animals, embryonated 
eggs, or tissue cultures), it is obvious that 


blood specimens must be taken under aseptic 
precautions and handled with aseptic tech- 
niques and that the bacteriologic sterility 
of the serum during processing and during 
storage must be preserved. From 15 to 20 
ml. of blood should be taken with a sterile, 
dry syringe to avoid hemolysis. No antico- 
agulants or preservatives should be used for 
reasons which will be mentioned shortly. 
Whole blood should never be frozen, since 
freezing will result in total hemolysis of the 
specimen, thereby rendering it unfit for in 
vitro serologic tests and possibly making it 
highly toxic for animals and tissue cultures. 
Anticoagulants should not be used in the 
collection of blood specimens as they may 
render the serum anticomplementary. Simi- 
larly, some preservatives may make the 
serum anticomplementary, and, in: addition, 
when the serum is also used for neutraliza- 
tion tests, the preservative may have a dele- 
terious effect on the virus. Important details 
in the collection and handling of blood speci- 
mens are given in another publication,’® to 
which the interested reader is referred. 


COLLECTION OF SPECIMENS FOR VIRUS ISOLA- 
TION 


Proper collection and handling of the 


specimen is highly important to the success- 


ful recovery not only of herpes simplex 
virus, but of any other viral agents which 
might be present. The material for labora- 
tory examination should be collected as 
early as possible in the acute stage of the 
disease since viruses in general tend to dis- 
appear relatively rapidly after the onset of 
clinical manifestations of infection. Since 
the material (swabs or scrapings) is to be 
inoculated into animals or tissue cultures, it 
should be taken with sterile precautions in 
order to avoid bacterial contamination, or to 
add further contamination if oe 
isms are already present. 

A dry swab may be used, but is is gener- 
ally preferable to moisten it with a suitable 
laboratory solution or diluent (see further 
below). The swab should be firmly applied 
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to the affected areas and then placed in a 
sterile tube containing up to 0.5 ml. of the 
diluent. Physiologic salt solution, because of 
its deleterious effect on the herpes virus, 


should not be used if any other solution, such 


as nutrient broth, buffered gelatin-saline, 
skimmed milk, or physiologic saline contain- 
ing 10 percent of inactivated normal rabbit 
serum, is available. Because of the import- 
ance which tissue culture methods are 
assuming in the laboratory diagnosis of viral 
infections, the use of a tissue culture solution 
such as Hanks’ or Earle’s balanced salt solu- 
tion, or a tissue culture medium such as 
medium 199, is highly desirable ; these solu- 
tions, containing material leached from the 
swab, can serve as an inoculum, not only for 
tissue cultures, but also for animals and 
embryonated eggs. These solutions also have 
the added merit of containing several anti- 
biotics, which thus exert a bacteriostatic or 
bacteriocidal effect. 

Unless the material is immediately to be 
inoculated into suitable laboratory hosts, it 
should be stored in the frozen state. Storage 
at dry-ice temperatures is preferable if the 
necessary facilities are available, since the 
viability of viruses is best maintained for 
prolonged periods under these temperature 
conditions. Lacking such facilities, the ma- 
terial may be stored in a deep freeze unit or 
in the freezing compartment of a refrigera- 
tor. Material stored under these conditions, 
however, should be tested as soon as possible 
as the temperature (approximately —15°C.) 
is too high for the prolonged survival of 
many viruses. 


LABORATORY DIAGNOSIS 


SEROLOGIC TESTS 

A serologic diagnosis of a herpetic infec- 
tion is based upon the appearance or the in- 
crease in titer of antibodies in the serum 
during the course of the illness. To demon- 
strate the appearance of antibody, or a rise 
in titer, at least two, and sometimes more, 
specimens of blood taken during various 
stages of the illness are required. The first 


specimen of blood should be taken as early 
as possible after the onset of the illness, and 
it should be emphasized that this first speci- 
men cannot be taken too early. The second 
specimen should be taken two to four weeks 
after the first. The two specimens are then 
examined concurrently in the same test; the 
examinations are conducted by either the 
neutralization test or the complement fixation 
test, or both. 

Neutralization test. Neutralization tests 
can be conducted: either in mice or in em- 
bryonated eggs. We prefer to use mice as 
this method is less laborious, and we con- 
sider the results obtained to be more clear 
cut, consistent, and reproducible than those 
obtained in the embryonated egg. 

The neutralization test as performed in 
this laboratory, not only for the herpes sim- 
plex virus but for other viruses which are 
neurotropic for the mouse, is as follows: 

A 20-percent suspension (that is, a 2 X 
10 dilution of the virus) is prepared by 
grinding infected mouse brain in a mortar 
and adding, by increments during the course 
of the grinding, the requisite amount of dilu- 
ent. A diluent which is widely employed is 
nutrient broth containing 10 percent of 
normal rabbit serum which has been inacti- 
vated by heating at 56°C. for 20 to 30 min- 
utes. In this laboratory, however, skimmed 
milk is used. The resultant suspension is cen- 
trifuged horizontally for 30 minutes at 3,000 
rpm in a refrigerated centrifuge, and the 
supernatant fluid is carefully removed. This 
constitutes the stock virus which may be 
dispensed in the appropriate amounts in small 
glass ampules which are then flame-sealed 


‘and stored on dry ice until required for use. 


All sera to be tested are inactivated at 
56°C. for 30 minutes. Each serum under ex- 
amination (for example, paired serum speci- 
mens from a patient) is dispensed in 0.15-ml. 
amounts into a series of tubes. The same pro- 
cedure is followed with the control sera, 
which are generally a known normal rabbit 
serum and a_ herpes-virus hyperimmune 
rabbit serum. Serial tenfold dilutions of the 
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stock virus are prepared in 10-percent nor- 
mal rabbit serum broth and 0.15 ml. of each 
of the virus dilutions is added to the serum 
tubes. This gives a series of serum-virus 
mixtures in which the serum is undiluted 
and the final virus concentration is 1 by 10°, 
1 by 10°, and 1 by 10°, and so on up to 
1 by or 1 by 107. | 
The mixtures are well shaken and then 
injected into mice. If baby mice of one to 
three days of age are used, they are inocu- 
lated intraperitoneally with 0.22 ml. amounts, 
and no incubation of the mixture is required. 
If adult mice of 28 or more days of age are 
used, the serum-virus mixture may be incu- 
bated for two hours at 37°C. and then 
injected intracerebrally in 0.03-ml. amounts. 
Each serum-virus mixture is inoculated 
into a group of six or more mice. The ani- 
mals are observed daily over a period of 
three weeks, and the presence of symptoms 
and the occurrence of deaths is recorded. 
The 50-percent mortality end-point titers 
(LDso titers) are calculated according to 
the Reed-Muench formula or the Kiirber 
formula; examples illustrating the computa- 
tion of end-points by these two methods are 
given in a recent article by one of us.’° 
The LDsgo titers are expressed in logarith- 
mic terms. The antibody content of the 
serum indicated by the LD;> titer of the 
virus in the presence of that serum as com- 
pared with the LD,;, titer of the virus in 
the presence of a normal, nonantibody-con- 
taining serum. Thus, in the case of paired 
serum specimens examined from a given 


patient, if we substract the LD,, titer of the 


virus in the presence of the convalescent- 
phase serum from the LD,, titer of the virus 
in the presence of the acute-phase serum, we 
obtain a logarithmic number which is re- 
ferred to as the neutralization index. Gen- 
erally, the neutralization index is expressed 
as an arithmetic number, a number which 
thus indicates the number of LD;, of the 
virus that a convalescent-phase serum can 
neutralize as compared to the acute-phase 
serum. This can be illustrated as follows: 


Log of LDw titer of virus in presence of conva- 
lescent-phase serum — log of LDw titer of virus in 
presence of acute-phase serum = log of neutraliza- 
tion index. Antilog of neutralization index = arith- 
metic neutralization index. 


Neutralization indices are usually inter- 


preted as follows: ; 


Neutralization index of 1 to 9 = negative. Neu- 
tralization index of 10 to 49 = inconclusive. Neu- 
tralization index of 50 or more = positive. 


In ovo neutralization tests are used to 


_ only a limited extent in diagnostic work. The 


end-point of in ovo neutralization tests with 
herpes simplex virus is based on the ability 
of the virus to produce plaques, or pocklike 
lesions, on the chorioallantoic membrane of 
the developing chick embryo. The degree of 
neutralization which occurs is based on the 
quantitative reduction in the number of virus 
particles capable of producing lesions, which 
is indicated by the number of plaques pro- 
duced. The procedure is time-consuming and 
open to a number of errors" and reading and 
interpretation of the findings require con- 
siderable experience. Determination of the 
infective titer of the virus alone is apt to 
yield variable results; estimation of infec- 
tivity in the presence of serum gives rise to 
an additional error which stems from the 
lack of proportionality between virus dilu- 
tions and plaque counts.’? The reader in- 
terested in conducting in ovo neutralization 
tests with herpes simplex virus is referred 
to the papers of Burnet and Lush,’ Scott 
et al.,** and Jawetz and Coleman.” 
Complement fixation test. In recent years 
much work has been done on the develop- 
ment of a suitable complement fixation test 
for the diagnosis of herpes simplex virus 
infections (see literature review in *.) A 
recent paper from this laboratory® describes 
a simple procedure for the preparation of 
herpetic antigens derived from infected em- 
bryonated eggs, as well as a procedure for 
performance of the complement fixation test 
itself. The test is highly specific (unpublished 
data), is sufficiently sensitive to demonstrate 
rises in complement-fixing antibody when 
rises in neutralizing antibody are also dem- 


‘DIAGNOSIS OF HERPETIC INFECTIONS 123 


onstrable, and has been used for several 


years in our laboratory for diagnostic work. 
The literature of virology shows that viral 
complement fixation tests are performed 
in a diversity of ways, the variations in 
technique being referable in part to diffh- 
culties engendered by impure and insensitive 
antigens and in part to personal preferences 
for methodology. Whatever the technique 
employed, a diagnostically significant result, 
that is, a positive finding, is represented by 
a fourfold or greater rise in antibody titer 
between the acute-phase and convalescent- 
phase blood specimens. ; 


CoMMENT 


Some comment is required apropos the 


findings obtained by serologic methods. » 
During the course of the primary infec- 
tion, neutralizing antibodies appear and in- 
crease in titer during the first week or two 
of the infection. Presumably as a result of 
the latent infection which is established con- 
sequent to this first invasion of the body 
by the virus, neutralizing antibody remains 
at a very high level. Recurrent attacks of 
herpetic infection are not associated with 
changes in the antibody level before, during, 
or after these episodes. Consequently, deter- 


mination of neutralizing antibody levels in 


the paired sera of a patient who is suspected 
to have a herpetic infection provides diag- 
nostically significant information only in the 
case of primary infections, not in recurrent 
herpes. 

~ Much the same situation appears to obtain 
with respect to the ‘complement-fixing anti- 
body. In our experience, rises in comple- 
ment-fixing antibody titer have appeared 


only in the case of primary infections. The 


significance of complement-fixing antibody 
demonstrable during recurrent episodes of 
herpes simplex infection is uncertain. By 
analogy with other viral diseases, comple- 
ment-fixing antibody to the herpes simplex 
virus should be of relatively short persis- 
tence. It is impossible to state, from the 
information currently available, whether 


the complement-fixing antibody persists over 
long periods of time or whether antibody 
production on a recall basis is so swift that 
maximal levels have already been attained 
by the time the first blood specimen is ob- 
tained from the patient. Obviously, studies 
aimed at a correlation of the findings of the 
complement fixation and neutralization tests 
are highly desirable. 


VIRUS ISOLATION PROCEDURES 


Material collected as described elsewhere 
above can be tested for the presence of 
herpes simplex virus by inoculation into a 
number of laboratory hosts, namely, rabbits, 
embryonated eggs, mice, or tissue cultures. 

Rabbits, once very widely employed, are 
much less commonly used than heretofore. 
Inoculation may be done by either the 
corneal or the intracerebral routes. 

Corneal inoculation is done as follows: 

Under suitable anesthesia, the eyeball is 
protruded by firm pressure against the lower 
lid. The cornea is scarified as thoroughly as 
possible by a cross-hatch of vertical and 
horizontal strokes with the point of a sharp 
scalpel or other instrument. Both eyes should 
be scarified, and penetration beyond the 
epithelial layers should be avoided. A swab 
containing the infected material is rubbed 
firmly over each scarified cornea. The ani- 
mals should. be watched daily for the devel- - 
opment of a keratoconjunctivitis. If the test 
is negative, only a slight injection of the 
cornea or the conjunctivas may be present 
for 24 to 72 hours after the inoculation. If 
the inoculum contains herpes simplex virus, 
a keratoconjunctivitis may develop; if it 
does, it may appear at any time within one to 
seven days after the inoculation. 

Rabbits may also be inoculated intra- 
cerebrally with eye swabbings emulsified in 
a suitable medium. The inoculum consists of 
0.25 ml. injected into either hemisphere. In- 
fection with the herpes virus may be mani- 
fested in one of several ways: 

a. The virus may give rise only to a fever 
of several days’ duration and the animal 
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will recover and will be immune to challenge 
inoculation with known herpes simplex virus. 

b. The animal may develop a fever which 
persists for several days and is followed by 
sudden death without any other symptoms of 
infection. | 

c. The animal may develop signs of central 
nervous system involvement, that is, an en- 
cephalitis. 

There are several objections to the use 
of rabbits for the diagnosis of herpetic in- 
fections. First of all, herpes simplex virus 
transferred directly from the patient to the 
rabbit cornea does not always induce a kera- 
titis in this species. Secondly, distinction 
cannot always be made between a keratitis 
induced by the herpes virus from that pro- 
duced by vaccine virus, or perhaps other 
viruses, and subpassages or other ancillary 
identification tests are required. 

Embryonated eggs may also be used for 
the isolation of the herpes simplex virus. 
Usually, the chorioallantoic route of inocula- 
tion is used. By means of a sharp probe, a 
small hole is made through the shell and 
shell membrane of 10- to 13-day-old embryo- 


nated eggs. A small hole is similarly made 


over the air sac, and suction is applied by 
means of a rubber bulb. Withdrawal of the 
air from the air sac causes the chorioal- 
lantois to drop and thus provide a wide flat 
area of membrane on which the inoculum 
can be placed. Care should be taken to spread 
the inoculum (0.05-0.1 ml., or more if de- 
sired) as evenly as possible over the mem- 
brane. Alternatively, one of the “window” 
or “shell-flap” techniques may be used, al- 
though these are more cumbersome. After 
incubation for 48 to 72 hours at 35°C. to 
36°C., the chorioallantoic membrane is ex- 
amined for the presence of edematous thick- 
ening or plaques, or both. Several passages 
may be required before typical plaques de- 
velop. Difficulty may be encountered in dis- 
tinguishing pathologic changes induced by 
the virus from nonspecific effects produced 
by trauma, certain-types of diluents, and so 
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forth. In the hands of experienced workers, 
however, the technique is suitable for diag- 
nostic purposes. 

In our opinion, albino Swiss mice offer 
many advantages over ‘either the rabbit or 
the embryonated egg. While adult animals 
may be used, they are not always suitable 
for primary isolation of herpes simplex virus 
because of a certain amount of resistance 
to infection which develops with increasing 
age of the animal. In our laboratory, there- 
fore, we employ baby mice of one to three 
days of age and inoculate 12 animals (two 
litters of six each) by the combined intra- 
cerebral-intraperitoneal route using 0.01 ml. 
intracerebrally and 0.03 ml. intraperitoneally. 

The animals develop weakness, tremor, 
inco-ordination, and paralysis, and become 
prostrate and die. Herpetic infection of the 
baby mouse is frequently associated with 
the appearance of a purplish tinge to the 
viscera, quite evident through the thin ab- 
dominal wall. The brains from moribund or 
dead animals are removed, emulsified in nor- 
mal rabbit serum broth, and the virus is 
identified by means of neutralization tests 
in baby mice using known hyperimmune 
herpes simplex sera. 

Recently, the feasibility of using tissue 
cultures for the isolation of herpes simplex 
virus has been described by several groups 
of workers.*-** The cellular component has 
consisted of rabbit kidney, rabbit corneal 
epithelium, human kidney, or human carci- 
noma cells (strain HeLa). From informa- 
tion available at this time, we believe that 
HeLa cell cultures provide- the system of 
choice for the isolation of agents from cases 
of keratoconjunctivitis. The use of HeLa 
cell cultures affords an opportunity not only 
to recover the herpes simplex virus, should 
this agent be etiologically involved, but also 
the adenoviruses which have recently been 
causally implicated. The appearance of type 
A intranuclear inclusion bodies and the cyto- 
pathic changes occurring in HeLa cell cul- 
tures infected with herpes simplex virus are 


a 
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_well described by Scherer and Syverton’® 
and by Doane, Rhodes, and Ormsby.’® The 
cytopathic effects of the adenoviruses on 
HeLa cells are described by Dr. Jawetz and 
Dr. Beale elsewhere in this symposium, 
The cytopathic effects produced in HeLa 
cells by the herpes simplex virus differ, and 
are distinguishable from those produced by 
the APC, or adenovirus, group. Definitive 
identification of the herpes simplex virus can 
be made in monolayer cell cultures using pre- 
_ determined arnounts of the unknown agent, 
usually 100 TCDso, and several dilutions of 
a specific hyperimmune serum. The adeno- 
_ virus group is represented by a multiplicity 
of immunologic types, and the specific type 
involved in a given patient or particular out- 
break can be determined by this method 
using type-specific rabbit immune sera. 
Typing can be greatly expedited by a simple 


and rapid colorimetric method which will be 


published shortly from this laboratory. 


SUMMARY AND COMMENTS 


Microscopic examination of smears from 


the eye is of little, if any, use in the diagnosis 
of herpetic infections, but may be of use in 
ruling in or excluding other conditions. 
Similarly, serologic tests, either neutraliza- 
tion tests or complement fixation tests, are of 
no value in the diagnosis of recurrent 
episodes of herpetic infection, although they 
are highly useful in determining the occur- 
rence of primary herpetic infections. 

The diagnostic method of choice for her- 
petic infections of. the eye is isolation of the 
virus. The difficulties associated with the use 
of rabbits and embryonated eggs for this 
purpose are discussed, and, while both hosts 
can be used, the mouse and the tissue culture 


systems are considered superior. 


The HeLa cell culture system possesses 
the advantage that it will not only detect the 
presence of herpes simplex virus, but also 
of the adenoviruses, including type 8, which 
has recently been incriminated as a causal 
agent of keratoconjunctivitis. 


California State Department 
of Health, Berkeley (4). 
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STUDIES ON HERPES SIMPLEX 


VIII. THE SIGNIFICANCE OF ISOLATING HERPES-SIMPLEX VIRUS FROM THE EYE 


L. Hanna, M.A., E. Jawetz, M.D., anp V. R. Coteman, B.A. 


San Francisco, California 


The virus of herpes simplex is known to 
be widely distributed in most human popula- 
tions. From serologic studies it is evident 
that from 50 to 90 percent of all adults have 
been infected with the agent. It is assumed 
that the large majority carry the virus in 
some latent form and that it can be brought 
into activity by a suitable trigger mechan- 
ism. In view of the widespread distribution 
of this agent, sometimes referred to as its 
“ubiquitous presence,’ the questions arise: 
what significance should be attributed to the 
isolation of herpes simplex virus from hu- 
mans? Is the virus liberated constantly or 
intermittently for long periods in persons 
who have acquired the infection? Or can it 
be isolated only when specific active lesions 
of herpes are present? Can it be found on 
the normal appearing eye, or mouth, of car- 
riers? If so, it might be found frequently in 


the course of virologic studies and confuse 


the assignment of an etiologic role to this, 
or other viruses. 

In the course of our studies on the etiol- 
ogy of various forms of external eye disease 
we isolated during 1955-56 20 strains of 
herpes simplex virus. It is the purpose of 
this paper to examine the methods by which 
these viruses were isolated and to determine 


the significance of herpes virus in the clini- 
cal picture. An attempt will also be made to 
answer some of the questions asked above 
with particular reference to the eye. 


MATERIALS AND METHODS 


PATIENTS 
Specimens were obtained from 283 pa- 


tients whose diagnoses are listed in Table 1. 


They fall into two broad groups: 

I. Patients with clinical herpes. II. Patients 
with nonherpetic clinical features,-or nor- 
mals. 

Among the cases grouped as “keratitis” in 
II (table 1) there were superficial or epi- 
thelial keratitis of unknown origin, super- 
ficial punctate keratitis, keratitis sicca, herpes 
zoster, nonherpetic bullous keratopathy, and 
marginal ulceration. “Keratoconjunctivitis” 
in II included five cases of epidemic kera- 
toconjunctivitis, in addition to trachoma, and 
all other forms. “Conjunctivitis” included 
vernal conjunctivitis, blepharoconjunctivitis, 
inclusion blenorrhea, acute and chronic catar- 
rhal conjunctivitis, and pharyngoconjunc- 
tival fever. From the last named entity sev- 
eral types of adenovirus (APC virus) were 
isolated which have been considered in other 
publications.*? The “miscellaneous” group in 
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TABLE 1 
DISTRIBUTION OF ISOLATION OF HERPES-3IMPLEX VIRUS FROM PATIENTS ACCORDING TO CLINICAL DIAGNOSES* 
Diagnosis Virus Isolated Attempts % Isolation 
I. Patients with clinical herpes — 
A. Superficial keratitis 

ndritic 14 45 
Geographic 1 10 
Punctate 0 0 
Diffuse 0 2 

Total 415 57 26.3% 

B. Stromal 

Disciform oe 26 
Disciform with ulceration 0 2 
Hypopyon ulcer 0 3 
Kerato-uveitis 0 1 

Total 2 32 6.2% 

II. Patients without clinical herpes : 

Keratitis 1 77 
Keratoconjuctivitis 2 24 
Conjunctivitis 0 67 
Miscellaneous eye disease 0 15 
Normal 0 11 

Total 2 194 1.5% 


* Clinical diagnoses established by Dr. S. J. Kimura and Dr. P. Thygeson. 


II was made up of cases of ocular pem- 


phigus, Parinaud’s conjunctivitis, xeroderma 


pigmentosum, epithelial dystrophy, and so — 


forth. 


SPECIMENS 


Patients were examined, and specimens 


obtained, in the eye clinic of the University 


of California School of Medicine or the 
Proctor Foundation. We are indebted to 
many ophthalmologists who referred patients 
for study. 

Specimens were obtained either by scrap- 
ing cornea and conjunctiva with a sterile 
platinum spatula or curette, or by washing 
the conjunctiva and cornea repeatedly with 
sterile tissue culture medium. Whenever pos- 
sible the specimen was inoculated directly 
onto embryonated eggs or into HeLa cell 
tissue cultures. If that was not possible, the 
specimens were quick frozen in 0.4 ml. tis- 
sue culture maintenance medium (10 percent 
chick serum in mixture 199 containing anti- 
biotics) and stored in sterile screw-capped 


tubes in a mechanical refrigerator at —20°C. 
for varying periods, up to five weeks. 


VIRUS ISOLATION AND IDENTIFICATION 


Specimens were inoculated onto the 
chorioallantoic membrane. of embryonated 
eggs, or into HeLa cell tissue cultures.* A 
very few specimens were also inoculated onto 
rabbit’s cornea. Most specimens were in- 
sufficient to permit inoculation of more than 
one host tissue, so that no adequate compara- 
tive data on the reliability of different meth- 
ods for such virus isolation from the eye 
became available. It is known, however, 


*From the Departments of Microbiology and 
Ophthalmology and the Proctor Foundation for Re- 
search in Ophthalmology, University of California 
Medical Center. Supported by grants from the 
National Institutes of Health (B 604), Burroughs, 
Wellcome and Company, and the Committee on 
Research, University of California School of Medi- 
cine. Part of a comprehensive study on keratocon- 
junctivitis carried out by a group, including: L. 
Hanna, E. Jawetz, S. J. Kimura, A. Nicholas, 
P. Thygeson. 
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that the three methods are roughly compara- 
ble in sensitivity to herpes simplex viruses.* 

The chorioallantoic membrane of 12-day- 
old embryonated eggs was dropped by the 
false air sac technique. One tenth or 0.2 ml. 
were placed on the dropped membrane, the 
window sealed with Scotch tape, and the 
eggs returned for additional incubation. 
After 48 or 72 hours the chorioallantoic 
membranes were harvested and examined for 
typical lesions. If the lesions were few or 
atypical one or two egg passages were per- 
formed. Finally the isolated virus was identi- 
fied by neutralization with specific rabbit 
antiserum to herpes simplex. ae 

HeLa cell tissue cultures* were washed 
twice with Hanks* solution to remove all 
traces of the human serum contained in 
growth medium. The specimen in a volume 
of 0.1 or 0.2 ml. was placed on the cell sheet 
and the maintenance medium (10 percent 
chick serum in mixture 199) containing peni- 
cillin 500 units/ml., streptomycin 500 pg/ml., 
10 pg/ml. tetracycline and 10 pg/ml. rimo- 
cidin, added. The tubes were incubated in a 
stationary position at 36°C. for as long as 
the integrity of the cell sheet permitted, 
usually 14 to 21 days. Tubes were inspected 
daily for evidence of cytopathogenic effects. 
If degeneration occurred the virus was estab- 
lished by additional passage in tissue culture 
and identified by neutralization with specific 
antiserum. 

Neutralizing antibodies to herpes simplex 
virus were determined on acute and con- 
valescent serum specimens obtained from 
certain patients by the usual techniques of 
neutralization tests in mice, or eggs, as de- 
scribed earlier.* 


RESULTS 


Twenty strains of ,virus identified as her- 
pes simplex were isolated from 283 patients 


* HeLa cell tissue cultures were obtained from the 
Carver Foundation, Tuskegee Institute, Alabama. 
All tissue culture media were obtained from Micro- 
biological Associates. 


(table 1). Seventeen strains originated in 
patients clinically diagnosed as herpes sim- 
plex and only three strains in the 194 pa- 
tients with other clinical diagnoses. Thus 
the recovery of herpes simplex virus from 
nonherpetic disease occurred in only 1.5 
percent of patients. One of these strains 
came from a keratitis of unknown etiology, 
the two others from patients with clinical 
epidemic keratoconjunctivitis. 

The keratitis of unknown etiology oc- 
curred in a 4l-year-old seaman seen seven 
days after the onset of red, watering eyes. 
Six weeks earlier the patient had been hos- | 
pitalized for bacterial pneumonia and had 
suffered a penicillin reaction. The referring 
ophthalmologist considered the eye disorder 
also to be a pencillin reaction. There was no 
history of any clinical herpes. Examination 
showed bilateral epithelial lesions, palpable 
preauricular nodes, and reduced corneal sen- 
sitivity. Cytologic examination showed 
mainly polymorphonuclear leukocytes and 
occasional monocytes. No follow-up on the 
patient was feasible, but the possibility 
exists that a dendritic figure may have ap- 
peared subsequently, so that the patient suf- 
fered from clinical herpes. : 

The two isolations of herpes viruses from 
patients with epidemic keratoconjunctivitis 
have been reported previously.® Other in- 
vestigators have had similar experiences.®:’ 
Yet it seems quite certain that these viruses 
are not the etiologic agents of epidemic kera- 
toconjunctivitis. Both of our patients had 
a significant rise in antibodies to adenovirus 
type 8 during the illness and there is ample 
evidence of the consistent association of the 
latter virus with clinical epidemic keratocon- 
junctivitis.* The possible significance of 
herpes simplex virus in epidemic kerato- 
conjunctivitis is discussed later. 

Most strains of herpes virus were isolated 
from patients with a definite clinical pic- 
ture suggesting this etiology. Among 57 in- 
dividuals in various stages of superficial 
herpetic keratitis 15, or 26.3 percent, yielded 


j 
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the etiologic virus. Regrettably many of these 
individuals were seen rather late in their 
disease so that the chances of virus isolation 
were small. In most instances specimens 
were obtained on one occasion only. Multiple 
attempts did not seem to increase the per- 
centage of isolations. Among 32 patients 
with stromal herpetic lesions the virus was 
recovered from only two or 6.3 percent. This 
is in keeping with the experience of Braley® 
who found it possible only rarely to isolate 
a virus from these deep lesions. | 

To the ophthalmologist who desires to 
confirm his clinical impression of a herpetic 
keratitis by isolation of the etiologic: virus 
the method of obtaining a specimen is of 
considerable importance. Should he collect 
superficial exudate, cell debris, and desqua- 
mated cells, and extracellular, free virus by 
washing; or should he scrape off infected, 
superficial cells which have not yet broken 
down? We attempted to find the answer in 
the following comparison: 

In 45 cases of dendritic keratitis in vari- 
ous stages of development we attempted iso- 
lation of virus. From 17 of these, washings 
only were obtained—and only a single virus 
recovered (6.0 percent). From 24 cases 
scrapings were obtained and 12 viruses iso- 
lated (50 percent). In four other patients 
both washings and scrapings were pooled 
and virus was recovered once. Thus it seems 
evident that scrapings from dendritic kerati- 
tis offer a far better chance—10 times better 
—of recovering herpes simplex virus than 
washings. The hypothesis that scraping 
might release local antibody and thus mask 
virus is evidently not based on fact. 

In the course of our work it was not 
feasible to compare the efficacy of the two 
methods of virus isolation, chorioallantoic 
membrane and HeLa cell tissue culture. Too 
few specimens were examined adequately by 
both methods to permit any conclusion. Of 
24 specimens from dendritic keratitis tested 
only in HeLa cells, four yielded a virus; of 
17 specimens tested only on chorioallantoic 


TABLE 2 


RELATIVE SUSCEPTIBILITY OF CHORIOALLANTOIC 
MEMBRANE (12 DAY) AND HELA CFLL CULTURES 
TO EGG-ADAPTED HERPES SIMPLEX (HF) 


No. Pocks on 
Chorioallantoic ffect on 
Membrane HeLa 
2 45 + 
3 15 
4 12 + 
5 10 4 
6 
7 5 AS 
8 3 


membrane, five yielded a virus; and from 12 
specimens examined by both methods five. 
viruses were recovered. It is our impression 
that either method may be satisfactory, but 
that chorioallantoic membrane inoculation 
may be slightly more sensitive. This is sup- 
ported by the experimental results with egg- 
adapted herpes virus shown in Table 2. 

It appears that about 10 pock-producing 
infective units are required to produce cyto- 
pathogenic effects in the HeLa cultures we 
employed. It has also been our experience 
that certain freshly isolated herpes viruses 
stored for several months at —20°C. failed 
to produce degeneration in HeLa tubes while 
resulting in readily transmissible lesions on 
chorioallantoic membrane which could be 
neutralized by specific antiserum. No isola- 
tions resulted from the few inoculations of 
rabbit cornea which we performed. 


DISCUSSION 


In our past work with herpetic lesions of 
the skin we were able to isolate the virus 
from at least 80 percent of early (that is, 
unbroken) herpetic vesicles. The recovery 
of herpes virus from only 26.3 percent of 
dendritic keratitis in comparison appears to 
be unsatisfactory. However, it must be con- 


sidered that a skin vesicle contains a very 


large number of infected epithelial cells 
which all remain confined to the area, where- 
as in the cornea loose cells, debris, and free 
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virus tend to be removed promptly by lacri- 
mal flow and lid action. Thus it is necessary 
to detach infected cells from the corneal epi- 
thelium by scraping in order to obtain a satis- 
factory specimen. Even then the amount of 
infective virus secured.in the limited number 
of abraded cells is evidently too small to be 
recovered regularly. Another important fea- 
ture probably lies in the unfortunate lapse 
of time between onset of acute keratitis and 
our obtaining the specimen. 

In spite of the obvious limitation of our 
data they permit an answer to some of the 
questions asked. Herpes virus cannot be 
isolated readily from eyes that appear nor- 
mal, nor from a variety of forms of con- 
junctivitis and keratitis of unknown etiology. 
Thus no support was found in this work for 
the claims of Busacca in 1925'° and Gruter™ 
who recovered herpes virus from normal 
eyes. Our findings are in agreement with 


the work of Kilbourne and Horsfall'? who | 


failed to isolate herpes virus from one pa- 
tient, using throat or mouth washings, ex- 
cept at those times when active lesions were 
present. Buddingh et al.,** on the other hand, 
isolated herpes virus from seven percent of 
571 individuals without evident mouth le- 
sions. 

It is evident that lesions on the cornea are 
far more difficult to miss than mouth lesions. 
Our results suggest that a good deal of con- 
fidence can be placed in the diagnostic value 
of isolating herpes simplex from the eye. 
If the virus is isolated, it represents the etio- 
logic agent of the lesion in the vast majority 
of instances. 

False positives occurred in only 1.5 percent 
of the cases. The most important of these 
were patients with epidemic keratoconjuncti- 
vitis. Several other investigators®’ have also 
isolated herpes or herpeslike viruses from 
that disease. 

A partial explanation might lie in the pos- 
sible diagnostic confusion between epidemic 
keratoconjunctivitis and acute herpetic kera- 
toconjunctivitis. However, that is probably 


not the entire explanation. Our epidemic 
keratoconjunctivitis cases had a high and 
constant titer of antibodies to herpes sim- 


’ plex and a significant rise in antibodies to 


adenovirus type 8 during their illness. Thus 
they definitely did not suffer from primary 
herpetic infection during their clinical epi- 
demic keratoconjunctivitis. It is conceivable 
that epidemic keratoconjunctivitis has a spe- 


-cific tendency of activating latent herpes sim- 


plex in the eye, or even that herpes virus 
in some way contributes to the clinical pic- 
ture, although it is not the primary etiologic 
agent. Future work may elucidate these 
points. 

For the time being it is our experience 
that: 

Recovery of herpes simplex virus from the 
eye occurs only in lesions of herpetic etiology 
with the exception of some cases of epidemic 
keratoconjunctivitis. It is present far more 
regularly (and in higher concentrations) in 
keratitis involving predominantly superficial 
epithelium than in stromal involvement. 
However, like Braley,® we have recovered 
the virus from occasional disciform lesions. 

The biggest problem, the nature of her- 
petic latency in the eye, remains to be studied. 
By analogy to known systems, the virus 
could either reside intracellularly as a non- 
infective “provirus,” which can be trans- 
mitted by the cell to its daughters in the 
process of division, and requires a trigger 
for activation ; or it could be present in fully 
infective form, kept latent by antibody which 
masks its presence unless the balance is dis- 
turbed by some trigger. Experimental analy- 
sis, as yet, has provided no answer. 


SUMMARY 


1. In a series of 283 individuals, speci- 
mens from the eye yielded only 20 strains of 
herpes simplex; 15 of these were derived 
from cases of dendritic keratitis, and two 
from disciform lesions. Among 194 persons 
who lacked the clinical stigmas of herpetic 
keratitis, only three yielded herpes simplex. 


STUDIES ON HERPES SIMPLEX 131 


Two of the latter suffered from epidemic 


keratoconjunctivitis. 


2. Specimens from cornea and conjunctiva 
obtained by scraping and curettement are far 


more likely to yield herpes simplex than 
simple washings. | 
University of California 

Medical Center (22). 
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THE EFFECT OF CORTICOSTEROIDS ON EXPERIMENTAL HERPES 
SIMPLEX KERATOCONJUNCTIVITIS IN THE RABBIT* 


Kimura, M.D., AND M. Oxumoro, M.A. 


San Francisco, California 


Much confusion surrounds the use of 
corticosteroids in herpes simplex infection 
of the eye. In previous reports we have 
emphasized the ineffectiveness of cortisone 
in treating clinical dendritic ulcers, and the 
danger of using the more potent hydrocorti- 
sone. The purpose of the present study 


was to determine the effect of the cortico-— 


* From the Department of Ophthalmology and the 
Francis I. Proctor Foundation for Research in Oph- 
thalmology, University of California School of 
Medicine. 


steroids, especially hydrocortisone and pred- 
nisolone, on experimental herpes simplex 
keratitis in the rabbit. 


MATERIALS AND METHODS 


Animals. Albino and colored rabbits, 
weighing approximately four lb., were sup- 
plied by a commercial breeder. 

_ Virus. The experimental virus was the 
mouse-brain-adapted PH strain (O strain*) 
of herpes simplex virus in its 12th to 16th 
passage. Its infectivity titer for mice by the 


‘ 
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intracerebral route was from 10-*7 to 10°>* 
per 0.03 ml. 

Virus inoculation. Two different inocula- 
tion procedures were followed: 

1. During the first part of the study a 
direct corneal scratch method was used: two 
horizontal and two vertical scratches were 
made on the cornea with a No. 21 hypoder- 
mic needle which had been dipped in a 2 X 
10-* viral suspension. 

2. During the latter half of the project the 
virus was injected into Tenon’s space so 
that the amount of inoculum could be meas- 
ured. 

Corticosteroid hormones. Hydrocortisone* 
in both the acetate and the free alcohol forms, 
and prednisolone acetate? were injected into 
the subconjunctival space, or into Tenon’s 
space, in a volume of 0.2 ml., on the day of 
the virus inoculation and every third day 
thereafter. | 


EXPERIMENTAL HERPES SIMPLEX 
KERATOCONJUNCTIVITIS 


When herpes simplex virus was scratched 
on the rabbit cornea, a dendritic ulcer usually 
developed on the scratch in from 24 to 48 
hours. The time of onset of the clinical dis- 
ease seemed to vary according to the con- 
centration of the inoculum. There was usu- 
ally an associated mild conjunctivitis with 
slight mucous discharge. The eye was only 
slightly inflamed and often only close exam- 
ination revealed the presence of keratitis. 


The keratitis and conjunctivitis healed com-_ 


pletely in from 10 to 14 days. 

Injection of the virus into Tenon’s space 
was found to be far superior to the scratch 
method for the purpose of studying a de- 
veloping experimental herpes simplex kera- 
toconjunctivitis. A known amount of virus 
could be introduced into the potential space 
surrounding the greater part of the globe. 


*Furnished by Dr. Alpert of Merck and Com- 


pany. 
t Furnished by Dr. Pifer of the Schering Cor- 
poration. 


The keratoconjunctivitis took longer to de- 
velop (72 to 96 hours) but the keratitis, in 
the form of multiple small dendritic ulcers 
distributed over the whole cornea, was highly 
reproducible. It healed, like the lesions in- 
duced by scratch inoculation, in from 10 to 
14 days. 


THE CORTICOSTERIOD EFFECT 


Experimental conditions were manipulated 
in various ways in an effort to explore the 
dynamics of the system by which the corti- 
costeroids affect herpetic infection of the 
eye. The variables included the following: 

1. Route of viral inoculation: corneal 
scratch versus injection into Tenon’s space. 

2. Amount of virus inoculated. 

3. Type of corticosteroid: hydrocortisone 
versus prednisolone. 

4. Type of hydrocortisone: acetate versus 


free alcohol. 


5. Dosage of the corticosteroid. 

The results of varying these factors in two 
series of experiments may be described as 
follows: 

1. Following inoculation of the cornea by 
the scratch method: By this method the 
amount of the inoculum could not be con- 
trolled. A 2 X 10° dilution was therefore 
used to insure a corneal “take.” Treatment 
with hydrocortisone acetate, hydrocortisone 
free alcohol, and prednisolone acetate, in a 
total dosage of from 20 to 50 mg. (10 mg. 
every third day), resulted in the progres- 
sion of the herpetic keratoconjunctivitis to 
encephalitis and death in a high percentage 
of cases. Increasing the dosage of hydro- 
cortisone free alcohol fourfold to 40 mg. 
every third day did not alter the results in 
any way. Of the 19 rabbits treated, 11 died 
between the ninth and 24th days after inocu- 
lation, presumably from encephalitis. They 
were found dead in their cages, and virus 
recovery was not attempted. Five of the rab- 
bits were killed-when signs of encephalitis 
were recognized, and in four of these herpes 


simplex virus was recovered from the brain. 


Only three rabbits survived and in one of 


| 
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the three the eye perforated; the remaining 
two showed marked corneal scarring. 

Of 19 control rabbits, all recovered within 
14 days with scarring that was visible only 
with magnification. 

2. Following inoculation of the virus into 
Tenon’s space: Four rabbits inoculated with 
0.03 ml. of 10 or 10-* dilutions of the virus 
suspension were treated with prednisolone 
acetate. All four developed equally severe 
keratoconjunctivitis (fig. 1), regardless of 
the dilution of the inoculum. In two the in- 
fection progressed to encephalitis and the 
rabbits died. The other two survived but 
_were killed on the 21st and 23rd days after 
inoculation when their corneas ruptured. 

Six control rabbits were inoculated with 
0.03 ml. of 10-*, 10-*, or 10° dilution of the 
suspension and left untreated. In all six, re- 
gardless of the dilution of the inoculum, the 
characteristically mild keratoconjunctivitis 
(fig. 2) developed and healed in from 11 to 
14 days. 


DIscussION 


Experimental herpes simplex infection of 
the eye can be made worse by treatment with 
corticosteroid hormones. The mechanism by 
which this occurs is not clear. The high in- 
cidence of death due to encephalitis in the 


Fig. 1 (Kimura and Okumoto). Rabbit eye 
(treated with predniosolone acetate) eight days 
after injection of Tenon’s space with 0.03 ml. PH 
M16 strain of herpes simplex virus. 


Fig. 2 (Kimura and Okumoto). Rabbit eye (un- 
treated control) eight days after injection of Ten- 
on’s space with 0.03 ml. PH M16 strain of herpes 
simplex virus. 


treated animals suggests an enhancement of 
the generalized spread of the virus by the . 
corticosteroids, and/or increased multiplica- 
tion of the virus. Viral titration studies are 
under way in an attempt to test the latter 
possibility. 


CONCLUSIONS 


Under the conditions of the experiments, 
treatment of experimental herpes simplex 
keratitis with hydrocortisone produced en- 
cephalitis and death in a high percentage of 
cases. The rabbits that survived had a more 
severe keratoconjunctivitis and their corneas 
frequently ruptured. 

In a small series of rabbits in which the 
keratoconjunctivitis was produced by inject- 
ing herpes simplex virus into Tenon’s space, 
and in which the induced disease was treated 
with the newer synthetic steroid, predniso- 
lone acetate, death from encephalitis oc- 
curred in only 50 percent, although the 
severity of the corneal lesions differed in no 
way from the severity of the lesions treated 
with hydrocortisone acetate or hydrocorti- 
sone free alcohol. 

University of California 

Medical Center (22). 
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EPIDEMIOLOGY OF HERPETIC INFECTIONS* 


T. F. McNair Scott, M.D. 
Philadelphia, Pennsylvania 


Maxcy defines’ epidemiology as “the field 
of science dealing with the relationship of 
the various factors which determine the fre- 
quencies and distributions of an infectious 
process, a disease, or a physiologic state in a 
human community.” He then proceeds to 
consider these factors under various head- 
ings which I believe will be useful ones for 
. us to follow in this discussion of the epidemi- 
ology of herpetic infections. 


HOST-PARASITE RELATIONS 


Since “infectious disease is a manifesta- 
tion of parasitism,” as first clearly enunci- 
ated by Theobald Smith? just over 20 years 
ago, an evaluation of an infectious disease 
demands a study of both parasite and host. 

It must be emphasized that the herpes 
virus is a very successful parasite in that it 
causes a high ratio of subclinical to clinical 
infections, so that the infected hosts re- 
main carriers in the community without 
great disability to themselves. The host is 
man alone: no other animal gets a natural 
infection with this virus although among 
monkeys and hogs there are natural infec- 
tions with parasites of the herpes group, for 
example, B. virus and Pseudorabies virus 
respectively. 

The relationship between the herpes virus 


* Director of Research, Children’s Hospital of 
Philadelphia and Research Professor of Pediatrics, 
School of Medicine, University of Pennsylvania. 


and its host is a more intimate one than that 
of many parasites since it is so highly 
adapted to its environment that it is able to 
live in the host’s body for many years in the 
form of a latent virus causing little or no 
clinical evidence of disease. Historically, this 
peculiar relationship led to considerable con- 
fusion about herpetic infection. 

The parasite had been isolated as early as 
1912 from herpetic kératoconjunctivitis and 
later (1919) from the blisters of herpes sim- 
plex, and had been studied quite extensively 
in the laboratory from 1920 to 1930. In the 
latter year Andrews and Carmichael*® ob- 
served that 74 percent of 53 normal adults 
had circulating antibodies against this virus 
and that seven individuals subject to fre- 
quently recurring attacks of herpes labiales 
all had circulating antibodies. 

It had also been a matter of clinical ob- 
servation that attacks of herpes seemed to be 
provoked by some nonspecific stimulus, such 
as fever, and did not spread from person to 
person. These findings were quite contrary 
to the usual concept of an infectious disease, 
and such a prominent virologist as Doerr* 
in 1938 suggested “that herpes is not an in- 
fectious agent which is maintained by a chain 
of infection but that it is endogenously gen- 
erated in the human organism.” 

In that year a combination of clinical acu- 
men and further laboratory study by Dodd 
and her co-workers® in this country and Bur- 
net and Williams® in Australia, respectively, 
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clarified the situation by demonstrating that 
the herpes virus caused a stomatis in young 
infants who had no circulating antibodies 
and that on recovery they developed cir- 
culating antibodies. 

In other words the herpes virus did act as 
‘an external parasite causing an antibody re- 
action in the usual way when it invaded a 
susceptible host. However, instead of the 
parasite disappearing from the host’s body 
with recovery from the acute disease, as is 
the case with most parasites, the virus of 
herpes remains in the tissues of the host and, 
at intervals, causes local injury to that tissue 
when the balance between host and parasite 
is disturbed by some change in the physiol- 
ogy of the host. Table 1 illustrates our pres- 
ent concept of the host-parasite relationships. 

With this broad concept in mind it is now 
possible to discuss in more detail other epi- 
demiologic facets of this infection. 


Host REACTION 


This may be severe leading to clinical 
manifestations, or mild and subclinical. 


A. CLINICAL 

Recognition of the clinical picture is es- 
sential for a clear understanding of the 
epidemiology of any disease. In herpetic in- 
fections this may be difficult because these 
manifestations are quite protean and the 
full extent of them may not as yet have 
been described. However, up to the present 


TABLE 1 


HostT-PARASITE RELATIONSHIP OF HERPES 
SIMPLEX 


it is possible to recognize lesions of the 
skin, in the form of herpes simplex, eczema 
herpeticum, traumatic herpes ; of the mucous 
membranes as acute gingivostomatis, vulvo- 
vaginitis, herpes progenitalis; of the eye as 
keratoconjunctivitis ; of the central nervous 
system as encephalitis; as a generalized ill- 
ness both in adults, resembling grippe, in- 
fectious mononucleosis, or smallpox, and in 
newborn infants in whom a fatal involve- 
ment of the brain, lungs, adrenals, and liver 
may occur. 

These various forms are outlined in Table 
2. All these have been classified as manifesta- 
tions of primary herpetic infection on the 
basis of laboratory studies to be referred to 
later. Recurrences occur on the skin, the 
genitalia, and the eye. 


B. SUBCLINICAL 


The reaction may be so mild that it is 
only recognizable by the application of 
laboratory methods. These fall essentially 
into two categories: (1) Isolation of the 
virus, and (2) measurement of antibodies. 
There are three recognized antibodies meas- 
ured at present: (a) Neutralizing, (b) com- 
plement fixing, and (c) skin test. 

It is a general principle that the recogni- 
tion of the etiology of an infectious disease 
depends on the isolation of the agent and/or 
the appearance during convalescence of 
circulating antibodies against a given agent 


TABLE 2 
DISEASES CAUSED BY VIRUS OF HERPES SIMPLEX 
Skin Mucocutaneous 
Junction 


Susceptible host—virus=Primary Infection (No 
circ. antibodies) 
Primary Infection=a) Manifest disease =local le- 
sion+systemic illness 
b) Subclinical infection = No 
visible disease 
=Carrier state (circulating anti- 
bodies) 
=a) Recurrent disease =local le- 
sion usually without systemic 
illness 
=b) Latent infection=no visible 
illness 
Carrier State—Virus—Infection of susceptible host 


Recovery 


Carrier State 


Herpes labialis 
Herpes progenitalis 
Vulvo vaginitis 


Herpes simplex 
Eczema herpeticum 
Traumatic herpes 


_ Mucous Membranes Eye 
Acute gingivistomatitis Conjunctivitis 
Recurrent stomatitis??? Keratoconjunctivitis 


Central Nervous System 
Meningo-encephalitis 


Generalized Infection 
Newborn and adults 


— — 
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which were not there at the onset of the 
illness. In the primary infection with herpes 
virus this principle can be fully applied. 
However, in the recurrent disease the picture 
is somewhat different and since this has 
considerable bearing on epidemiology the 
two aspects will be considered separately. 


PRIMARY INFECTION 


The virus is readily isolated from the 
area involved; of more interest is the sero- 
logic response. Figure 1 illustrates the rise 
in neutralizing antibody in 31 children stud- 
ied at intervals after their acute infections. 
It can be seen that the titer rose steeply 
between the fourth and eighth days’ and 


then remained at a plateau for the 18 days — 


that they were followed. However, this tend- 
ency to plateau at a constant level cannot be 
extrapolated indefinitely. 


Buddingh and his co-workers‘ followed 
12 children for several weeks after their 


acute infection and found a considerable 
variation in the length of time that antibody 
levels persisted. In one child the neutraliz- 
ing antibody level persisted at a high level 
for 12 weeks while in another it had dropped 
to low levels by the fourth week (fig. 2). 

It has been pointed out by others also that, 
in children, the neutralizing antibodies may 
disappear below the level of detectability in 
time, for example, in one child the titer was 
high during an active keratitis but was 
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hardly detectable 16 months later,® while in 
another it had disappeared between five and 
eight months after recovery from eczema 
herpeticum.?® In one case such fluctuations 
appeared to coincide with the appearance of 
the virus in the saliva without any evidence 
of clinical disease (fig. 3). It would seem, 
therefore, that during childhood a single 
primary infection may not allow the parasite 
to establish itself but that repeated sub- 
clinical infections may have to occur until 
a balance is achieved and the host maintains 
a constant level of antibody. 


RECURRENT INFECTION 


Although the virus can also be isolated 
from the lesions in such cases, the antibody 
response is different. For the most part it 
would appear that circulating antibody is 
present at the time of the attack and does 
not alter following the attack. This is illus- — 
trated by Figure 4 in which neutralizing anti- 
bodies were measured in three adults each 
of whom had recurrent disease although the 
frequency of the attacks differed. It can be 
seen that, over a period of four months, 
there was no significant change in the level 
of neutralizing antibody in relation to an at- 
tack. While this absence of reaction is prob- 
ably the usual situation it has been shown 
that some adults react to a recurrent attack 
by a rise in antibodies either neutralizing, 
complement fixing, or both." 


lO24+ 
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64} a a Fig. 1 (Scott). The rise in neu- 
ia tralizing antibody in 31 children 
J studied at intervals after their acute 
16 infections. (From Scott, et al.) 
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Fig. 2 (Scott). Showing variation in the length of time that antibody levels 
persist. (From Buddingh, et al.) 


PoPULATION AT RISK 


These data have significance when another 
facet of epidemiology is studied, namely the 
population at risk. As will be illustrated later 
the incidence of subclinical infection by this 
parasite is much larger than is the clinical, 
therefore the absence of a history of a pri- 
mary illness is not of great value in deter- 
mining the incidence of susceptibles. This 
must be done by measuring the presence of 
antibodies in the population at large. 


A. TECHNIQUES INVOLVED 

This theoretically can be done by any one 
of the three available techniques, neutraliza- 
tion test, complement-fixation test, or skin 


test. The first appears to be the most sensi- | 


tive in that Holzel et al.’* have shown that 
occasionally a positive neutralization test can 


be found in the absence of a positive com- 
plement-fixation test but. never vice versa. 
It has the disadvantage, however, of expense 
and of being time consuming. 

The complement-fixation test is cheaper 
and quicker and is being widely used for sur- 
vey purposes. That it parallels the neutraliza- 
tion test very closely can be seen from the 
results obtained in our laboratory (fig. 5). 

When skin tests are available, they are 
usually the most advantageous for survey 
purposes and it was hoped that the herpes 
skin test might be useful in this regard. 


However, in some unpublished observa- 


tions*® we have found that in the population 
over 50 years of age there is a decrease in 
the incidence of positive skin tests despite 
the presence of complement-fixation and 
neutralization antibodies. Furthermore, in 
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Fig. 3 (Scott). Fluctuations appeared to coincide with appearance of virus in the saliva and without any 
evidence of clinical disease. (From Buddingh, et al.) 7 
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Fig. 4 (Scott). Neutralizing antibody level in recurrent herpes simplex. (From Scott, et al.) 
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Fig. 5 (Scott). Comparison of complement-fixation and neutralization tests. 


infancy, skin tests are notoriously unreliable. 
In older childhood and young adulthood, 
however, there is excellent parallelism among 
all three tests (table 3). 


B. SuRVEY RESULTS 


From the available surveys two sets of 
facts have emerged: 

1. Socio-economic. This is an important 
factor influencing the incidence of herpetic 
infections. This was apparent in the early 
1930 survey of Andrews and Carmichael? 
who reported a lower incidence of persons 
with antibodies among medical students than 
among assorted hospital patients but this was 
not further studied at the time. 

Burnet and Lush” in Australia before 
World War II reported 93 percent of 55 
persons attending a public hospital and 37 
percent of 27 medical students and graduates 
had circulating antibodies against herpes. In 
Philadelphia among the lower income groups 


attending the out-patient clinic of the Chil- 
dren’s Hospital of Philadelphia in 1947-48 
we found an incidence of 64 percent.’ The 
significance of these observations will be 
discussed later. 

2. Age. It has been shown that the greatest 
incidence of susceptibles is between six and 
24 months of age,®**** as illustrated by our 
study of 131 Philadelphia children (fig. 6). 
It can be seen that very few children in this 
age period had antibodies but by the age of 
five years the incidence of infections had 
reached that of the adult population of the 
area. 

From Figure 6 it is also possible to deduce 
that herpes neutralizing antiobdies are trans- 
ferred through the placenta, since the in- 
cidence of infants with circulating antibodies 
during the early months of life, when pas- 
sively acquired antibodies could be expected, 
is the same as that in the adult population. 

Figure 7 from Anderson and Hamilton’s 
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AGE 


paper* illustrates an interesting feature of 
this infection, namely, that the age of suscep- 
tibility and the age of incidence of clinical 
disease do not correspond. It can be seen 
that, although in this instance antibodies 
were absent from seven to 15 months, infec- 
tions did not appear until 11 months despite 
what must have been adequate exposure to 
the virus since, in the orphanage where the 
studies were undertaken, 100 percent of 
susceptibles became infected by the time they 
were 22 months of age. | 

The loss of detectable antibody by the 
sixth month suggests that the herpes anti- 
body follows the normal pattern of passively 


TABLE 3 
CORRELATION OF SKIN TEST AND SEROLOGY WITH HERPES SIMPLEX IN PATIENTS OVER THE AGE OF 
NINE YEARS 
Neg. S.T. (46) Pos. S.T. (136) 
Neg. Pos. Neg. Pos. 
CF and Neut. CF and Neut. CF and Neut. CF and Neut. 
42% 58% 3% 97% 
Mean Age = 16.4 Mean Age = 54.5 
Patients from age 1-8 years 
Neg. S.T. (11) Pos. S.T. (4) 
Neg. Pos. : Neg. Pos. 
CF and Neut. CF and Neut. CF and Neut. CF and Neut. | 
100% 0% 50% (50% 
100} 
5 
80} 
| 
SOF Fig. 6 (Scott). Incidence - of 
WU herpes neutralizing antibodies in the 
t 4oF blood of 131 children. Numbers in 
ro each box indicate number of chil- 
T 27 17 6 13 dren tested at each age group. 
20r 
a 14 
0 14 19 
4 ial x 5 l2 
MONTHS YEARS 


transferred immune gamma globulin since 
it is in this fraction that the herpes antibodies 
are carried. However, it is possible that the 
resistance to the virus between seven to 11 
months is due to the persistence of antibody 


_ in amounts below the sensitivity of our assay 


methods. On the other hand, since about 40 
percent of the adult population in the Phil- 
adelphia area do not have circulating anti- 
bodies, it seems strange that the clinical im- 
pression is that there are very few cases of 
stomatitis in clinical practice occurring be- 
low the age of one year. : 

If proof can be obtained that infants of 
noninfected mothers are also resistant until 
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Fig. 7 (Scott). The age of sus- 
ceptibility and the age of incidence 
of clinical disease do not corre- 
spond. (From Anderson and Ham- 
ilton.*) Black bar represents period 
when clinical disease appeared. 


over the age of 12 months then there are at 
least three possibilities to be considered: 


1. That the mucous membranes of the 
mouth at this age are more resistant to infec- 
tion than later. 

2. That there is less virus in the homes of 
these children. 

3. That there is a dosage factor involved. 


The importance of the last is suggested 
by several reports in the literature that in- 
fants between six and 12 months of age do 
suffer from eczema herpeticum. In such in- 
stances there is a large area of traumatized 
skin available for infection so that the dose 
of virus applied to the child must be many 
times greater than would be applied to the 
much smaller area of mucous membrane in- 
_volved in a stomatitis. 


RATIO OF SUBCLINICAL TO CLINICAL INFEC- 
TIONS 


Discussion of the incidence of infections 
as determined by serologic survey leads nat- 
urally to a presentation of the evidence for 
the statement made previously that the in- 
cidence of subclinical was higher than that 
of clinical infection. Actually there are very 
few data available on this point and I only 
know of two studies. | | 

In one my colleagues and I’ tried to de- 
termine the incidence of herpetic stomatitis 
among the out-patient population of the 


Childrens’ Hospital of Philadelphia by re-. 


questing that we be called to see every case 
that presented itself during the course of a 


6 18 24 3 30 
Age in months 


year. Thirty-eight cases were diagnosed by 
laboratory methods among 5,016 patients un- 
der five years of age seen in the medical 
clinic. Since by antibody survey, 64 percent 
should have been infected with herpes by 
that age the incidence of the commonest 
clinical manifestation of primary infection 
was just over one percent. This is certainly 
too low since we probably missed seeing a 
few cases and mild cases would not be 
brought to the clinic. 

The other study, which may give too high 
a figure, since in this case the diagnosis was 
purely clinical, was undertaken by Spence 
and his colleagues** in Newcastle-on-Tyne 
in England as part of a study of illness 
among a thousand families. In the first three 
years of life among an average population 
of 950 children they diagnosed 64 cases. The 
average incidence of infection among the 
adult population in the city was not deter- 
mined but the families studied consisted of a 
cross section of economic strata with the 
majority falling into a medium economic 
group. If, then, we estimate that the rate of 
infection was 60 percent, as it was in our 
clinic population, we find an incidence of 
11 percent. It is probably fair then to assume 
that at least 90 percent of herpetic infections 
are subclinical. 


RESERVOIR OF INFECTION 


It is clear that the virus must be acquired 
by a susceptible host from another human 
being carrying the virus. Several studies have 


indicated that a history of contact with a 


Level 

of | 
Herpes 
Anti- 
body 
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known case of herpetic infection is relatively 
uncommon. In the Newcastle survey in 
which trained observers were looking for 
such contacts, it was found in only 17 of 64 
eases (27 percent); in our early, much 
smaller study*’ which included several family 
outbreaks, it was 10 of 21 cases (50 per- 
cent), while a contact history with another 
case of stomatitis has been reported by 
Black** to be as low as 10 percent. 

These data must mean that the virus is 
carried by persons without clinical manifes- 
tations of herpetic infection. The existence 
of these carriers has been demonstrated and 
they have been shown to fall into two groups, 
those that carry the infectious agent for a 
period immediately following their acute dis- 
ease even though clinically recovered, and 
those in whom the virus appears without ref- 
erence to preceding or accompanying clinical 
manifestations. 

In regard to the former we studied four 
children recovered from herpetic stomatitis 
who had no clinical evidence of disease and 
were able to demonstrate virus in two on the 
13th and 14th day, in one on five occasions 
up to seven weeks, then no virus in the 10th 
and 20th week but reappearance in the 23rd 
week. In the fourth patient no virus was 
found on the 10th day.’ 

Black” found virus to be present in the 
mouth of an experimentally infected child on 
the 5th, 12th, and 34th day after inoculation, 


although her mouth had been clinically well - 


for 16 days before the last culture. It was 
not present on 40th day. 

This variability in the persistence of the 
virus is well illustrated by Buddingh and 
his co-workers, who found herpes virus in 
both saliva and stools in seven children who 
appeared perfectly well from 15 to 42 days 
after the onset of their illness with an 
average of 23 days. Figure 3 illustrates the 
disappearance and reappearance of virus in 
one of these patients following an acute ill- 
ness, | 

Buddingh et al. have also studied the prob- 


lem of the healthy carrier by testing the 
saliva of 571 individuals at various ages 
selected at random and found that the pres- 
ence of virus in the saliva decreases with 
age, from 20 percent of children seven 
months to two years, when primary infection 
is frequent, to 2.5 percent in those over 15 
years of age (fig. 8). : 

It appears from these data that the great- 
est reservoir of infection is among children 
with an inapparent infection. Whether these 


percentages can be applied to other popula- 


tion groups in other locations is not known 
and the question deserves further study. 

I would like now to refer to some very 
sparse data we collected in 1941?" which is 
suggestive and I think needs further follow- 
up. We wondered about a reservoir among 
the parents of our patients and particularly 
the mother. We investigated 13 parents, four 
fathers and nine mothers. No virus was 
found on the single occasion each was tested 
in the four fathers nor in seven of the nine 
mothers, all of whom had circulating anti- 
bodies. However, in two mothers examined 
more than once an interesting correlation be- 
tween presence of virus and menstruation 
suggested itself. | 

In one mother no virus was found in her 
intermenstrual period but was found six days 
later when the period was expected. In the 
second, who was examined on three occa- 
sions, no virus was found on one occasion 11 
days after the onset of menstruation and 
after cessation of the flow but virus was _ 
found on two occasions, once four days after 
onset, and once at a time which, in retrospect, | 
was the time of a period. , 


INCUBATION PERIOD 


Because of the ubiquitous nature of the 
virus, the exact length of the incubation pe- 
riod has been difficult to estimate. Among 33 
patients studied we calculated that this was 
three to nine days and might be longer in 
some cases. Spence and his colleagues’ in 
Newcastle found that seven days was the 
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incubation period in the majority of cases. 
Dr. Jureti¢ of Yugoslavia?® has sent me 
his observations on 23 families involving 56 
persons with either stomatitis or herpes sim- 
plex. If, from his graphs, the first contact 
case only is utilized then it is possible to 
plot the incubation periods of 20 cases. These 
range from two to 12 days with a peak in- 
cidence on the fourth day (fig. 9). 
In a child who burned her finger and 
whose mother had labial herpes the wound 


Fig. 9 (Scott). Herpetic stoma- 
titis incubation period in 20 cases. 
(From data supplied by Dr. Miro 
Juretié of Split, Jugoslavia, 1955.) 


began to show evidence of herpetic infection 
on the third day (Scott et al.*). In the child 
reported by Black” fever followed by sto- 
matitis occurred on the third day after she 
had been experimentally inoculated with the 
contents of a herpetic vesicle onto scarified 


_ gums. It would appear then that herpes in- — 


fection, despite its variability, tends to have 
a relatively short incubation period compara- 
able to other infections that affect the skin or 
mucous membranes. 
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EPIDEMICS OF HERPETIC INFECTION 


Because of the high incidence of subclini- 
cal disease there are very few data on epi- 
demics. What there are can be classified as: 


1. FAMILY EPIDEMICS 


In 1941, we described three family epi- 
demics.*7 In one family there were five 
proven cases and one doubtful case with age 
ranges from three and one-half to 11 years. 
In the second, there were three proven 
cases with age ranges from two and one-half 


to six and one-half years and, in the third, 


there were three proven cases, two children 
20 months and five years, respectively, and 
a 36-year-old mother. Table 4 illustrates the 
first of these families. 

In 1944 Chilton”? described the appearance 
of stomatitis in six or eight children in a 
Negro family following the proven diagnosis 
in the oldest child of 13 years. Juretic?® has 
studied 23 families with more than one 
member affected. In 18 there were two mem- 
bers, in two there were three, in two there 
were four, and in one there were six. | 


2. WARD EPIDEMICS 


Pugh, Dudgeon, and Bodian** described 
an epidemic in the skin ward of the Hos- 
pital for Sick Children, Great Ormond 
Street, London. Case 1 was admitted on 
September 8th and, on September 9th, was 
thought clinically to be suffering from 
Kaposi's varicelliform eruption although this 
was not confirmed in the laboratory. On 
September 15th Case 2 developed proven 


Kaposi’s varicelliform eruption and died 10 
days later. Between September 18th and 21st 
two other children with eczema developed 
Kaposi’s varicelliform eruption and two 
nurses developed vesicular eruptions on their 
forearms and hands which were proven to be 
due to herpes. 


3. INSTITUTIONAL EPIDEMICS 


Anderson and Hamilton’® described the 
spread of infection in an orphanage in Aus- 
tralia in a study already referred to. They 
found that every one of 36 susceptible chil- 
dren between the ages of 11 and 22 months 
developed herpetic infection, 20 with clini- 
cal evidence of stomatitis and 16 subclini- 
cally. 


MECHANISM OF SPREAD 


Two possible mechanisms can be sug- 
gested: (1) That the virus is airborne, and 
(2) that the virus is conveyed by direct 
contact. 

Against the former must be placed the 
evidence derived from sources in different 
parts of the world that there is a real differ- 
ence between socio-economic groups which | 
is certainly not true in the case of airborne 
infections in general. 

The contagious hypothesis is favored by 
the above findings since with the increased 
crowding which accompanies the decrease 
in economic status the infection rate from 
contagion would increase. 

The epidemiology of herpes is very simi- 
lar to that of poliomyelitis in this regard, 


TABLE 4 
FAMILY EPIDEMIC OF HERPETIC STOMATITIS 
(From Scott and Steigman) 


Change in 


Neutralizing Index 
Neutralizing 


Patient 


Acute Convalescent Index 


EBr (initial case) 10 . 
RBr 11 
VBr 


LBr 
CBr (father) 


1,429 — 2 fold 
2 +714 fold 
1 69 +769 fold 
7 +286 fold 
10,000 — 10 fold 


Age Day 
5 
2 
7 2 
a 36 not sick 
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especially since Buddingh et al. showed that 
herpes virus could be isolated from the stools 
as well as the saliva of patients with clinical 
disease or from carriers.® It was not entirely 
clear as to the origin of the stool virus but 
the most likely explanation was that it was 
swallowed in sufficiently large quantities to 
make it detectable in the rectal swabs. It did 
not appear in the stools until three or four 
days after it was detectable in the saliva. 

The possibility of actual infection of the 
alimentary tract below the mouth, must how- 
ever, be considered. Presumably close physi- 
cal contact is required for the spread of the 
~ virus from either saliva or by the fecal-oral 
route. Early infancy is a period of life dur- 
ing which close bodily contact is part of 
everyday life. 

The infrequent primary infection of the 
adult can usually be traced to physical con- 
tact also, as from kissing, which leads to 
an attack of stomatitis, or sexual intercourse 
during which the male with herpes progeni- 
talis may give rise to a primary vulvovagini- 
tis in the female. In regard to the former 
Burnet*® quotes Mercutio’s lines from 
Romeo and Juliet: 


_ O’er ladies’ lips, who straight on kisses dream 
Which oft the angry Mab with blisters plagues 
_ Because their breaths with sweetmeats tainted 
are. 


It would seem that a trigger mechanism 
might be involved in determining whether a 
clinical or subclinical infection might take 
place. Teething in the infant leads to trau- 
matized gums which might form the point of 
entrance for the virus. We studied a young 
adult woman, married for 10 years to a hus- 
band who suffered recurrent attacks of 


herpes labialis who did not get her primary. 


infection until she started to massage her 
gums vigorously on her dentist’s orders.*4 
Infection of the skin is almost always due 
to the inoculation of virus directly on to the 
traumatized areas, for example, a graze or 
a burn ¢ or weeping eczema. 


RECURRENT HERPES 


- The epidemiology of recurrent herpes 
necessitates a consideration of changes in 
the physiology of the patient. These can be 
considered under various headings: 


1, ExTERNAL ENVIRONMENT 


Sunburn or irritation from cold winds 
as forerunners of an attack of labial herpes 
are common experiences. 


2. INTERNAL ENVIRONMENT 


a. Fever. The occurrence of facial herpes 
in acute febrile states such as pneumonia and 
meningococcal infection has long been rec- 
ognized. Even artificially induced fever with- 
out infection led to an attack of herpes in 


46 percent of 411 patients treated by Car- 


penter et al.”® 

b. Menstruation. The association between 
attacks of recurrent herpes and the mens- 
trual period is again a common clinical ex- 
perience. 

c. Nerve injury. It has been noted for 
many years that herpes occurred in a high 
percentage of patients following trigeminal 
sensory root section. Carton and Kilbourne*® 
recently made a study of this phenomenon 
and found that 16 of 17 patients, who were 
herpes carriers and were operated upon by 
trigeminal sensory root section for tic 
douloureux, developed herpetic vesicles on 
the side of the operation. Virus was isolated 
from the vesicles but not from the nerve ma- 
terial removed. From the absence of this re- 
action in one patient who had absent pain 
sensation due to a previous operation, the 
authors speculate that herpes virus is acti- 
vated by a change in local physiology of the 
skin subsequent to the interruption of pre- 
viously functioning nerve impulses. 

d. Emotion. A recent study by Blank and 
Brody”* has re-emphasized the importance 
of emotion in inducing an attack of recurrent 
herpes. They point out that the persons with 
frequent recurrences appear to fall into a 


146 


personality pattern, which is characterized 
by passivity and submissiveness. They were 
“good, sweet” people who readily accepted 
psychiatric referral and who were emotion- 
ally immature and dependent. On two occa- 
sions when the therapist cancelled an ap- 
pointment, resentment was aroused and an 
attack of herpes resulted within 24 hours of 
the cancelled appointment. 

Heilig and Hoff** were able to produce 
an attack of herpes in three carriers within 
24 to 48 hours of reminding them, under 
hypnosis, of an unpleasant affective situa- 
tion, and Schneck*®® reported the case of a 
soldier who could anticipate an attack after 
an emotional strain involving feelings of 
hostility unless he were able to channel these 
feelings in other ways, that is, by getting 


drunk. It seems probable that the interest | 


of the physician may be the essential factor 
in the control of these attacks by such non- 
specific treatment as X-ray therapy or small- 
pox vaccination. 


T. F. McNAIR SCOTT 


CONCLUSION 


There has been no reference to the epi- 
demiology of ocular herpes in this review, 
since there appeared to be no readily accessi- 
ble published material on this aspect. Al- 
though primary infection of the eye is rec- 
ognized clinically, I am aware of only one 
published study, by Gallardo,*° in which such 
an infection was actually proven. Thanks to 
the courtesy of Dr. Leopold, I had the op- 
portunity to review about 150 charts of cases 
of herpetic ocular infection at the Will’s Eye 
Hospital in Philadelphia. A superficial ex- 
amination made it clear that a precipitating 


. factor was not spontaneously described by 


the majority of patients. Among the minor- 
ity, from whom such a factor was elicited in 
a routine history, trauma and systemic in- 
fection, for example, pneumonia, appeared 
about equally. | 


Children’s Hospital 
of Philadelphia (46). 
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CORNEAL TRANSPLANTATION IN THE TREATMENT OF 
HERPETIC DISEASE OF THE CORNEA* 


MicHaEL J. Hocan, M.D. 


San Francisco, California 


I have become impressed with the in- 


creased number of patients having chronic 
corneal ulcers and keratitis occurring spon- 
taneously and as the result of antibiotic and 
corticosteroid therapy of corneal herpes in- 
fections. A number of these lesions have re- 
sisted all types of treatment. Some have 


proved to be examples of secondary infec- 


tion, at times of fungus origin, superimposed 
upon the original herpetic disease. They 
were characterized by chronicity, progres- 
sive necrosis, and even perforation. Others 
proved to be examples of chronic stromal 
herpes infection of the disciform or ulcera- 
tive type, with or without extension to the 
anterior uveal tract. 

Experimental and clinical investigations 


soon proved to us that herpes infections 


could be spread by some of the therapeutic 
measures utilized to control the infection. 
Over a period of years we had seen and 
treated many corneal herpes cases and only 
rarely observed such severe types of corneal 
inflammation. 

The adoption of different methods of 
treatment failed to result in amelioration of 
symptoms in-—most of the advanced cases. 
Finally, after months of temporizing, and 
following the advice of other observers, it 


*From the Francis I. Proctor Foundation for 
_ Research in Ophthalmology and the Department of 
_ Ophthalmology, University of California School of 
Medicine. 


was decided to perform various types of 
keratoplasty on some cases, My interest was 
heightened in this entire problem by the fact 
that it might be possible through kerato- 
plasty to prevent the constant recurrences 
observed in many corneal herpes patients. 
Accordingly, keratoplasties were performed 
on all patients with the following types of 
corneal herpes, provided there were no other 
contraindications, and if the visual acuity in 
the eye was reduced sufficiently to justify 
such surgery: 

1. Herpetic corneal scars, inactive, but in 
which there was a strong tendency for re- 
currence of dendritic keratitis: (a) Super- 
ficial, diffuse; (b) disciform stromal scars. 

2. Cases of chronic superficial stromal 
herpes, with ulceration (metaherpetic kera- 
titis). 

3. Chronic diffuse postherpetic keratitis 


. with necrosis, ulceration, and vasculariza- 


tion, and with or without perforation. 


DISCUSSION OF INDICATIONS 


1. THOSE WITH HEALED POSTHERPETIC SCARS 


The scarring may be diffuse and superfi- 
cial in type, or localized in the form of a 
disciform lesion in the deeper stroma. Such — 
patients may have surgery to prevent recur- 
rences if they occur with such frequency as 
to be disabling ; also to improve vision if the 
scarring does not clear within a reasonable 
period after the acute attack. Franceschetti 
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and Maeder’ state that such cases are among 
the most favorable. 


2. CHRONIC SUPERFICIAL ULCERATION 


Those cases with chronic superficial ul- 
cerations which follow a typical dendritic 
keratitis have been designated as having 
metaherpetic ulcers, postherpetic disciform 
ulceration, or as chronic herpetic ulceration 
of the cornea. Surgery in such cases is per- 
formed during the active stages only if heal- 
ing cannot be accomplished by ordinary 
methods. In many such patients in our series 


who were referred for therapy, the disease - 


had persisted for considerable periods and 
resisted all the usual therapeutic measures. 


3. CHRONIC KERATITIS, NECROSIS, VASCU- 
LARIZATION 


Those patients with chronic keratitis and 
necrosis and vascularization, with or with- 
out perforation, usually had prolonged topi- 
cal and oral therapy for postherpetic kera- 
titis, mostly with antibiotics and corticoster- 
oids. Superficial or deep ulceration, scattered 
areas of necrosis, and progressive vascu- 
larization in one or more areas are the out- 
standing findings. Perforation may or may 
not have occurred. Evidence was presented 
recently* that a number of these cases re- 
sulted from a secondary infection by fungi, 
_and that antibiotic and corticosteroid treat- 
ment favored such infections. Several of the 
cases observed by us had similar findings. 

The surgical treatment of such cases is 
undertaken with the knowledge that the 
prognosis is poor. However, I consider it 
to be justified to advise surgical interven- 
tion. The results are occasionally gratifying. 

Those cases with ulceration which is sec- 
ondary to bacterial or fungus infections 
should not be rejected, because in most in- 
stances the infection is chronic, and the 
prognosis without surgery is hopeless. I have 
not encountered a single instance of early 
postsurgical intraocular suppurative infec- 
tion in this type of case. 


MICHAEL J. HOGAN 


CONTRAINDICATIONS TO KERATOPLASTY IN 
HERPETIC KERATITIS 


_ The contraindications to such surgery in 
patients with the various types of herpes 
affections of the cornea are much the same 
as for other corneal conditions. 

Secondary glaucoma may or may not be in 
evidence prior to surgery, but should be kept 
under consideration because of the recurrent 
or chronic inflammation. In a few of our 
cases it developed in severe form in the post- 
operative period, even though the surgery 
itself was accomplished without difficulty. 

A coincident iridocyclitis should cause de- 
lay in the decision for surgery. Many cor- 
neas with chronic ulcers and necrosis in- 
evitably have inflammation within the eye, 
and surgery often must be pursued in spite 
of its existence. | 

Those eyes already aliases spread of an 
infection (bacterial or fungus) to the an- 
terior chamber should be treated medically in 
an effort to control the inflammation prior 
to a consideration of surgery. 


SELECTION OF SURGICAL PROCEDURE 


The surgical procedure often can be se- 
lected on the basis of the corneal lesion it- 
self, provided all other factors are favorable. 
Those patients with superficial chronic epi- 
thelial lesions often benefit by simple de- 
bridement, followed by patching of both 
eyes for several days. Patients with recur- 
rent superficial epithelial and stromal herpes, 
if sufficiently persistent, are ideally treated 
by lamellar keratoplasty, as are those with 
superficial scars. 

Those with disciform lesions in the 
stroma which have resulted in scarring usu- 
ally have involvement of the deeper lamellae, 
and penetrating keratoplasty most often is 
indicated. The prognosis in such cases is 
excellent. 

Those with chronic ulcers following typi- 
cal herpetic infections which persist for a 
number of months most often benefit by 
lamellar keratoplasty, confined to the region 
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of the ulcerated area. Such keratoplasties 
may be superficial or deep, depending upon 


the lesion, and may be partial or total, de-. 


pending upon its geographic extent. They 
have the advantage that they are easy to per- 
form, result in healing of torpid lesions, and 
if unsuccessful from a visual standpoint, 
may be followed by further lamellar kerato- 
plasty or a penetrating keratoplasty. 

Severe scarring and vascularization of the 
cornea should not deter the surgeon in those 
patients with poor vision in both eyes, or 
even in one eye. Small repeated applications 
of X rays with the 50 kv. machine, affording 
tissue doses of 5 to 700 r, at times lead to 
decrease in vascularity and edema. Follow- 
ing this, total lamellar keratoplasty; replac- 
ing two thirds the thickness of the cornea, 


may lead to a more healthy cornea into which 


to place a penetrating graft at a later date. 


CASE REPORTS 


_ It is difficult to present results in tabular 
form. Therefore it is considered desirable 
in this small group to present my experi- 
ences in case report form. The following 
review presents the results of 22 kerato- 
plasties in 18 patients suffering with various 
types of corneal herpetic affections. 


Group I. Keratoplasty for disciform keratitis 
and other types of corneal leukomas 


CasE 1 


Mr. R. C., aged 21 years, was with the 
American Armed Forces in France in De- 
cember, 1945. He developed a dendritic kera- 
titis of the right eye, which caused consider- 
able scarring. He was invalided home and 
at the Army Hospital in San Francisco was 
found to have 20/50 vision in the right eye 
and 20/200 in the left. The left had always 
been partially amblyopic because of a high 
hyperopia and astigmatism. 

Examination showed a diffuse scar in the 
stroma of the right cornea with vasculariza- 
tion of the superficial one third. The vision 
could not be improved with glasses. An op- 


vascularization, posterior synechias, 


tical iridectomy was done on May 5, 1947, 
at the U. S. Veterans Hospital, San Fran- 
cisco. Very little visual benefit resulted. On 
January 11, 1949, there commenced what 


eventually proved to be a series of recurrent 


dendritic ulcers, extending to the summer 
of 1952. 

Following the subsidence of an active le- 
sion, a 7.0-mm. penetrating keratoplasty was 
done on August 21, 1952. A number of 
minor complications resulted in postopera- 
tive edema of the graft, persisting to Decem- 
ber, 1952. In January, 1953, the corrected 
vision with a —8.75D. sph. —~ +5.0D. cyl. 
ax. 115° was 20/25. This refractive error 
and the visual acuity have persisted to the 
present date (August, 1956). 


Case 2 


Mr. J. B., aged 60 years, had bilateral 
dendritic ulcers of the corneas for a period 
of 10 years. The ulcers recurred each spring, 
presumably from exposure to sun and dust 
during the planting and irrigation of melons. 
Eventual visual disability resulted from scar- 
ring. | 

The vision in the right eye was 20/200 
and in the left 15/200. There was bilateral 
superficial and deep corneal scarring and 
and 
secondary cataracts. 

On February 8, 1950, a 6.0-mm. pene- 
trating keratoplasty was done on the left eye, 
and the surgical result was excellent. Vision 
was 20/50 with a —9.0D. sph. on April 7, 
1950. By April, 1951, vision had dropped 
to 20/200 in this eye as the result of in- 
creasing lens opacities. 

During July, August, and September, 
1951, three recurrences of dendritic kera- 
titis occurred in the right eye, with severe 
iritis and hypopyon. By November the cor- 
nea was uninflamed. A penetrating kerato- 
plasty of 6.0 mm. was done on the right eye 
December 4, 1951. Lens opacities were 
marked in this eye prior to corneal surgery. 
On January 15, 1952, vision in the right eye 
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with a —5.5D. sph was 20/200, and in the 
left with a —10.5D. sph. <> +1.5D. cyl. 
ax. 125° was 20/200. 

On February 19, 1952, an intracapsular 
lens extraction was done on the right eye. 
The graft became moderately edematous fol- 
lowing surgery, but gradually cleared so that 
in early 1954 the right vision was 20/70 with 
correction. In July, 1954, a right retinal de- 
tachment occurred, but fundus details were 
hazy and a hole could not be located. Reti- 
nopexy was unsuccessful after two opera- 
tions and vision was lost. 

The left vision continued at 20/200 to 
July, 1956, when a recurrence of a dendritic 
ulcer occurred in the graft (fig. 1). Isola- 
tions were not attempted immediately, but 
the clinical findings were typical, and the 
graft became anesthetic. 

In August, while the patient was under 
treatment with 1:10,000 quaternary ammo- 
nium chloride solution (Zephiran) during 
the day and merthiolate ointment at night, 
a pneumococcic ulcer of sluggish character 
appeared in the lower cornea outside the 
graft (fig. 2). At the present time the pa- 
tient is still hospitalized and the ulcer in the 
graft is slowly clearing without severe scar- 


ring and the pneumococcic ulcer is slowly 
subsiding. 


Fig. 1 (Hogan). Group I. Case 2, Recurrent 
herpes in corneal graft six and one-half years 
after operation. 


Fig. 2 (Hogan). Group I. Case 2. Probable re- 
currence of dendritic keratitis in a graft four years 
after operation. The lesion in the cornea below the 
graft is a pneumococcic ulcer which developed later. 


CasE 3 

Mr. W. L., aged 63 years, injured the left 
eye at the age of 37 years with a wire, leav- 
ing corneal scars. An optical iridectomy 
failed to improve vision. The right eye was 
amblyopic due to a refractive error. 

Nine months after the injury he com- 
menced having recurrent dendritic ulcers of 
the left cornea, eventually resulting in se- 
vere scarring and visual loss. The left vision 
in February, 1955, was hand movements and 
the right vision was 2/200. The left cornea 
was diffusely leukomatous and there was no 
active keratitis. | 

A 7.0-mm. penetrating keratoplasty was 
done on the left eye on February 24, 1955. 
On discharge, March 7, 1955, the graft was 
clear. On June 25, 1955, the graft remained 
clear, there were incipient lens changes, and 
the vision could not be improved to better 
than 20/200 with lenses. It was not deter- 
mined by his physician why the acuity was 
so reduced, except that a macular lesion was 
suspected. On August 20, 1955, the graft 
was reported to have developed superficial 
clouding in spite of cortisone therapy. 


CASE 4 
Mr. W. H., aged 61 years, had normal vi- 
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sion in the left eye up to June, 1954. The 
left eye had poor vision since childhood, due 
to a refractive error. In June there devel- 
oped a recurrent dendritic keratitis which 
was treated with cortisone, and healing oc- 
curred. It recurred in August, 1954, and 
caused stromal scarring with visual reduc- 
tion to 10/200 (fig. 3). 

On July 20, 1955, a 6.5-mm. penetrating 
keratoplasty was done on the left eye. The 
postoperative course was uneventful, and 
the graft remained clear. Vision was correc- 
tible to 20/60 with a +1.0D. sph. > 
+0.75D. cyl. ax. 82° through November, 
1955. In December lens opacities developed 
and increased in severity so that in Febru- 
ary, 1956, vision was 20/200. At the present 
time vision is 10/200 and a cataract extrac- 
tion is contemplated. 


Case 5 


Mr. J. C., aged 40 years (University of 
California Clinics U219714), had recurrent 
herpetic ulcers of the right cornea for 10 
years, leading to severe disciform keratitis 
and vascularization. Vision was reduced to 
counting fingers. The cornea was anesthetic. 

On July 16, 1954, an 8.0-mm. penetrating 


(Hogan). Group I. Case 4. Preoperative. 
Herpes scar of cornea. 


Fig. 3 


Fig. 4 (Hogan). Gaus I. Case 5. Late infection 
in corneal graft. 


keratoplasty was done on this eye. The graft 
remained edematous for three months. It 
gradually cleared, so that only a slight epi- 
thelial haze remained. Vision, however, could 
not be improved better than 20/200 with 
glasses. On January 2, 1955, an infiltrate ap- 
peared in the graft, with rapid ulceration. 
Cultures were positive for pathogenic Staph- 
ylococci, and by January 7th a large ulcer 
was present (fig. 4). Intensive therapy with 
antibiotic agents to which the organism was 
sensitive led to healing by March 1, 1955. 
The graft was severely scarred. A further 
keratoplasty is contemplated. 


CASE 6 


Mr. T. H., aged 79 years, had failing left 
vision for 10 years as the result of recurrent 
herpetic ulcers with band keratopathy, and 
incipient cataracts. His keratopathy was 
treated with hydrochloric acid to remove the 
calcium. It led to a recurrence of the herpes 
keratitis and to further visual reduction. 

After the inflammation had subsided a 
penetrating keratoplasty of 6.0 mm. was 
done on the left eye on November 19, 1954. 
The postoperative course was uneventful and 
the graft remained clear. On February 21, 
1955, vision was 20/200 and could not be 
improved beyond this because of lens 
changes (fig. 5). Up to the present time 
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Fig. 5 (Hogan). Reval Case 6. Postoperative 
transplant. 


(1956) there has been no recurrence of the 
herpes. 


CasE 7 


Mr. C. B., aged 32 years, had an attack of 
typical dendritic keratitis in March, 1954, 
characterized by redness and pain in the left 
eye with marked visual reduction. Treatment 
was carried out for three months, and the 
lesion eventually healed, leaving a corneal 
scar, and vision of 20/400. After a period 
of two years the scar had cleared somewhat 
(fig. 6), with a manifest vision of 20/200. 
It could be improved to 20/70 with correc- 
tion but this acuity was unstable and, in or- 
dinary light, the average acuity was 20/200. 
The patient’s occupation required a vision 
of 20/20 with correction, and he wished sur- 
gery with the chance of improvement. 

A 6.0-mm. penetrating keratoplasty was 
done on May 14, 1956, and the patient had 
an uneventful postoperative course. On Au- 
gust 23, 1956, the manifest vision was 20/40, 
and improved to 20/30 with a moderate 
astigmatic correction. 


Group II. Kerato plasty for recurrent 
herpetic ulcerative keratitis 


Case 1 
Mr. P. C., aged 70 years (University of 


Fig. 6 Group I. 7. 
herpes scar. 


California Clinics U233072), was admitted 
on January 18, 1955, with a chief complaint 
of congestion, tearing, and visual loss for 18 
days. A similar attack occurred in 1953, re- 
sulting in some visual loss. 

Examination showed the vision to be 
counting fingers in the right eye and 20/50 
in the left. There was an ulcer in the periph- 
eral one third of the lower nasal right cornea, 
with vascularization from the adjacent lim- 
bus (fig. 7). The entire cornea was anes- 
thetic. Herpes virus was not isolated from 


Fig. 7 (Hogan). Group II. Case 1. Chronic herpetic 
corneal ulcer with vascularization. 
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the ulcer, and cultures otherwise were nega- 
tive. 

In view of the anesthesia, previous at- 
tack, and the course of the disease, a diag- 
nosis of chronic herpes ulcer was made. By 
March, 1955, the lesion was almost well, and 
within another month complete healing oc- 
curred. 

A recurrence of the ulcer developed in 
October, 1955, with iridocyclitis and hy- 
popyon. All types of therapy failed. : 

A 7.0-mm. penetrating keratoplasty was 
done on April 23, 1956, without complica- 
tion. The graft was clear at the time of dis- 
charge on April 29, 1956. Two days later 
the patient returned with a hazy graft but 
without other symptoms. On May 3rd there 
was a necrotic ulcer in the graft with a 
hypopyon (fig. 8). A staphylococcic infec- 
tion of the anterior segment ensued, neces- 
sitating enucleation on May 20, 1956. 


CasE 2 


_ Miss M. G., aged 37 years, had almost 
continuous recurrences of dendritic keratitis 
since the age of five years. During the period 
from 1952 to 1954 the recurrences were so 
frequent in the right eye that the patient was 
prevented from carrying out her work effi- 
ciently. She was first seen on July 8, 1954, 


Fig. 8 (Hogan). Group II. Case 1. Ten days, 
postoperative infection. 


KERATOPLASTY IN HERPETIC DISEASE 


Fig. 9 (Hogan). Group II. Case 2. Preoperative 
recurrent herpes. 


with an active ulcer in the right eye (fig. 9). 
Therapy was not successful so that on Au- 
gust 27, 1954, a lamellar keratoplasty was 
done (8.0-mm. diameter, fig. 10). The post- 


operative course was uneventful and the 


graft remained clear. Vision was 20/200 
with the best possible correction (the patient 
stated she had always been partially ambly- 
opic in this eye). She was well until October, 
1955, when a small round nonherpetic infil- 
trate (deep and yellow; approximately 1.0- 
mm. diameter) appeared in the cornea be- 
low the graft. It healed quickly, and there 


Fig. 10 (Hogan). Group II. Case 2. Lamellar 
keratoplasty for recurrent and chronic herpetic 
ulcers. 


ig 


154 MICHAEL J. HOGAN 


have been no recurrences to date (August, 
1956). 


CasE 3 


Mr. F. H., aged 63 years, had recurrent 
left corneal ulcers for 10 years, resulting in 
markedly blurred vision. In November, 1954, 
a severe recurrence developed, increased in 
size and depth on treatment with cortisone, 
and resulted in a deep ulcer (fig. 11). Vision 
was reduced to light perception. All types of 
treatment, including debridement, failed to 
result in healing. 

On April 6, 1955, a 6.5-mm. penetrating 
keratoplasty was done. Postoperative syne- 
chias of the iris developed at the 6-o’clock 
position but the graft was clear. On April 
27th a synechiotomy was done. In July the 
vision was 20/100 and the lower graft re- 


mained moderately edematous. In February, 


1956, the graft was clear, and vision con- 
tinued at 20/100 (fig. 12). Diffuse lens 
changes were observed which caused the 
visual reduction. 


CasE 4 

Mr. P. J., aged 65 years, will be reported 
in brief because the surgical prognosis was 
poor from the outset. He developed a den- 
dritic ulcer, which was treated with corti- 


Fig. 11 (Hogan). Group II. Case 3. Chronic 
herpetic ulcer. 
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Fig. 12 (Hogan). Group II. ‘Case 3. Postoperative 
transplant. 


sone, resulting in extension into the stroma, 
chronic ulceration, and eventual perforation 
(fig. 13). It was hoped that Diamox, a kera- 
toplasty, and corticosteroids might offer a 
slight chance of saving the eye. Glaucoma 
followed the surgery, and was not controlled 
with any type of treatment. Enucleation be- 
came necessary. 


CASE 5 


Miss P. D., aged 13 years, suffered severe 
recurrent herpetic infections of the right eye 
commencing at the age of seven years and 
continuing to 1954. During one attack in 


Group II. Case 4. Descemetocele 


Fig. 13 (Hogan). 
preoperatively. 
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1954 which lasted many months, there de- 
veloped a chronic ulcer and severe iritis, pos- 
terior synechias, and lens changes (fig. 14). 
On December 29, 1954, a 6.0-mm. penetrat- 
ing keratoplasty was done on this eye. Three 
days later an iris prolapse followed a severe 
sneezing spell. It was excised but the an- 
terior chamber remained shallow on the 
nasal side, resulting in formation of syne- 
chias. The graft was fairly clear, however, 
so nothing was done. Vision was 20/200 in 
July, 1955. In November, 1955, the nasal 
side of the graft was somewhat edematous, 
but the patient had no symptoms. Vision was 
20/100 and could not be improved with a 
lens (fig. 15). For a number of reasons noth- 
ing further was done. 


CASE 6 


Mrs, R. S., aged 67 years, developed a 
herpes ulcer of the left cornea in 1953, re- 
quiring three months to heal. It recurred on 
May 1, 1956. Therapy with sulfonamides 
and cortisone failed to effect healing. A per- 
sistent ulcer developed, and all therapy de- 
signed to result in healing failed (fig. 16). 


Vision was reduced to hand movements. In 


view of the persistence of the ulcer it was 
decided to perform a lamellar keratoplasty, 


Fig. 14 (Hogan). Group II. Case 
transplant. 
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5. Preoperative 


Fig. 15 (Hogan). Group IT. Case 5. P 
transplant. 


toperative 


which was done on June 26, 1956. The post- 
operative course was uneventful, the cornea 
remaining entirely clear to the present time 
(August, 1956), and visual acuity is 20/200, 
correctible to 20/50 with a lens. 


CASE 7 


Mr. J. S., aged 65 years, developed a her- 
petic infection of the left cornea in Septem- 
ber, 1952, resulting in scarring but not seri- 
ously affecting the vision. The ulceration re- 
curred several times up to January, 1954, at 
which time vision was reduced to 20/200 
and the pupillary area was involved by an 
ulcer. Because of the persistence of ulcera- 
tion, a 7.0-mm. lamellar keratoplasty was 


Fig. 16 (Hogan). Group II. Case 6. Preoperative. 


RY 
4 
rE 
PS 
‘oo 
2 


156 MICHAEL J. HOGAN 


done on February 17, 1954. The postopera- 
tive course was uneventful. Vision corrected 
to 20/70 (August, 1956), and there has been 
no recurrence of the herpetic infection. 


Group III. Keratoplasty for disciform ulcers 


CASE 1 


Mrs. J. S., aged 37 years, was a house- 
wife. At the age of nine months, this patient 
developed ulcers on both corneas which re- 
sulted in scarring and visual reduction. It 
was considered she might have had an old 
interstitial keratitis, although the possibility 
of an early herpes infection could not be 
ruled out. 

In early July, 1953, the patient developed 
a keratoconjunctivitis of the left eye, with 
associated iritis and secondary glaucoma. 
Therapy with cortisone, atropine, and para- 
centesis did not result in subsidence of symp- 
toms. After a month gradual clearing oc- 
curred. In September, 1953, the patient de- 
veloped a typical dendritic ulcer of the left 


cornea, with secondary glaucoma. The in- 


flammation and elevated tension were con- 
trolled by October, 1953, but a disciform le- 
sion had developed. Recurrent ulcers oc- 
curred around the disciform lesion in the 
central cornea (fig. 17). In January, 1954, 
a small perforation occurred at the nasal 


Fig. 17 (Hogan). Group IIT. Case 1. 
Preoperative. Chronic herpes ulcer, 


Fig. 18 (Hogan). Group IIT. Case 1. 
Preoperative. Chronic herpes ulcer. 


edge of the disciform lesion (fig. 18). A 7.5- 
mm, penetrating keratoplasty was done on 
February 23, 1954. The postoperative course 
was uneventful for four days when an iris 
prolapse occurred on the nasal side, requir- 
ing repair. Following this the postoperative 
course was normal. The graft remained hazy 
and thickened through August, 1954, but 
there were no symptoms, and the epithelium 
was not edematous (fig. 19). There has hot 
been a recurrence of the herpes in the graft 
up to the present time (August, 1956), but 
vision is only hand movements. 


2 


Mr. R. P., aged 43 years, developed a 
herpetic infection of the right cornea in 


Fig. 19 (Hogan). Group IIT. Case 1. Four 
months after operation, 
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1929, when he was aged 18 years. In Sep- 
tember, 1953, it recurred, and had persisted 
up to the time he was referred in May, 1954. 
At that time he had a leaking necrotic ulcer 
in the central cornea with considerable sur- 
rounding edema. A history of treatment with 
hydrocortisone for many months was given. 
Cultures were negative, and a virus was not 
isolated following the scraping of the crater 
of the ulcer. 

On May 20, 1954, a 6.0-mm. penetrating 
keratoplasty was done. The temporal cham- 
ber became shallow five days later, and syne- 
chias developed. It finally became necessary 
to repeat the grafting in October, 1954, and 
again in November, 1955 (fig. 20). At the 
present time (August, 1956) vision is 
20/200 and the graft is edematous (fig. 21). 


3 


Mrs. S. H., aged 65 years. This unfortu- 
nate lady developed bilateral dendritic ulcers 
of the corneas in March, 1953. She was 
treated with cortisone topically and with an- 
tibiotics by mouth. A monilia ulceration de- 
veloped in the right cornea and it perforated. 
The ulcer eventually healed but by this time 
the cornea was thickened and scarred and 
the tension was elevated. Vision was reduced 
to poor light perception and projection. The 
left cornea showed a dense leukoma with 
marked vascularization. The tension seemed 
to be normal and vision was good light per- 


Fig. 20 (Hogan). Group III. Case 2. 
Postoperative transplant. 
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Fig. 21 (Hogan). Group Ill. Case 2. Third 
postoperative transplant. 


ception and projection. A keratectomy was 
done on the left eye on April 6, 1953, with 
a good result (fig. 22). On June 26, 1954, 
a 7.0-mm. penetrating keratoplasty was done, 
without complication. On July 20th, a staph- 
ylococcic conjunctivitis developed, with sec- 
ondary involvement of the lower graft, caus- 
ing it to become completely cloudy. On Sep- 
tember 9, 1954, a 7.5-mm. penetrating kera- 
toplasty was repeated on this left eye with- 


out success. 


CASE 4 
Mr. D. Y., aged 83 years, had bilateral 


Fig. 22 (Hogan). Group IU. Case 3. 
Postkeratectomy. 
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immature cataracts causing visual reduction 
to 20/80 in both eyes. In June, 1955, a 
herpes infection developed in the right cor- 
nea and resisted all forms of treatment (fig. 
23). Treatment with cortisone had been car- 
ried out. 

Chronic ulceration, necrosis, and diffuse 
keratitis eventually led to a decision to per- 
form a keratoplasty. This was done on May 
27, 1956, a 6.0-mm. penetrating keratoplasty 
being done. The postoperative course has 
been uneventful, the graft is somewhat 
edematous, and the patient comfortable. Vi- 
sion is 10/200 (August, 1956). | 


COMMENT ON SURGICAL CASES 


In retrospect it must be concluded that the 
utilization of penetrating keratoplasty on ex- 
tensive deep herpetic keratitis with ulcera- 
tion leaves much to be desired. It is now our 
opinion that a preliminary lamellar kerato- 
plasty is the procedure of choice. 

Lamellar keratoplasty should be utilized 
for superficial to moderately deep herpetic 
scarring of the corneal stroma. Penetrating 
keratoplasty is eminently successful in pa- 
tients with disciform and deep scars. 


PATHOLOGIC CONSIDERATIONS 


The pathology of the excised and diseased 
tissue has been of great interest to our group, 
because we have been surprised at the de- 
gree of inflammation exhibited by apparently 
quiet corneas. Several corneas removed at 
least six months after subsidence of active 


Fig. 23 III. Case 4. Preoperative 
chronic herpes. 
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Fig. 24 Keratitis i in an 
quiet cornea. 


inflammation exhibited considerable lamellar 
necrosis, edema, and interlamellar round cell 
infiltration, even though the inflammation 
appeared to be entirely quiet clinically (fig. 
24). Those excised corneas which had ex- 
hibited active ulceration of a chronic and 
recalcitrant type showed considerable ne- 
crosis of the lamellae, with vascularization 
(fig. 25). The corneas removed from those 
cases having diffuse disease, with necrosis 
and vascularization, invariably showed wide- 
spread lamellar destruction, intense round 
cell infiltration and vascularization. Up to 
the present writing fungi were not found in 
any of this group, either culturally or by - 
special stains. 


BACTERIOLOGIC STUDIES 


Excised, inflamed, and ulcerated corneal 


tissue from this group of herpes cases was 
investigated for the presence of virus in two 
cases. The excised tissue was ground and in- 
oculated on the chorioallantoic membrane, 
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Fig. 25 (Hogan). Keratitis with necrosis. 


on fresh tissue cultures of HeLa cells, and 
on ordinary media. There have been no iso- 
lations of herpes virus, or other organisms. 
It is interesting to speculate as to the lack 
of isolation of a virus from this group of 
postherpetic cases. The following possibili- 
ties exist: 

1. The virus is present in the corneal 
stroma, but cannot be isolated because of the 
concomitant masking effect of antibody. 

2. The virus is not present, and the corneal 


lesions are due to trophic changes as a result. 


of nerve damage. 
3. The virus is present in such low con- 
centration that it cannot be isolated. 


DISCUSSION 


A. TECHNICAL SURGICAL CONSIDERATIONS 


This group of herpes infections of the cor- 
nea has been the most interesting of all our 
cases which have been subjected to corneal 
transplantation. Those with healed disciform 


- scars which had not cleared within a reason- 


able time underwent penetrating keratoplas- 
ties, and ordinarily had few sequelae or com- 
plications. The same may be said for those 
with less localized scars due to recurrent den- 
dritic keratitis. I have generally preferred 
penetrating keratoplasties for these two 
groups unless the scars were superficial in 
position, although at the present time we 
prefer lamellar keratoplasty for those scars 
affecting the superficial half to two thirds 
of the stroma. 

The cases with chronic or recurrent super- 
ficial ulceration associated with a surround- 
ing keratitis have also done well. Penetrating 
keratoplasties have been done for the most 
part, although lamellar keratoplasty may 
have given similar results. Those corneas 
showing deeper ulceration with surrounding 
necrosis were considered to have a better 
prognosis following penetrating keratoplasty, 
although I now feel it is better to do a pre- 
liminary lamellar keratoplasty. 

The patients with diffuse keratitis, vascu- 
larization, and scattered areas of stromal ne- 
crosis did poorly with penetrating kerato- 
plasties, and it is most likely that lamellar 
keratoplasty should have been attempted as 
a primary procedure, followed if necessary 
by penetrating keratoplasty at a later date. 


B. RECURRENCE OF HERPES IN GRAFTED 
CORNEAS | 


It was our hope that lamellar or pentrat- 
ing keratoplasty might prevent the recur- 
rence of ulceration, or so alter the local con- 
ditions that the disease would be eradicated. 
For the most part, the results have been grati- 
fying, for only one patient (six and one-half 
years after surgery) has had a recurrence of 
dendritic ulceration in a grafted cornea 
(Group I, Case 2). A number of other cases 
had almost constant recurrences and have 
been free of attacks since (Group II, Cases 
2 and 5). 


SUMMARY AND CONCLUSIONS 
1. Keratoplasty is a satisfactory procedure 
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for the treatment of diffuse and disciform 
scars of the cornea due to herpes infections, 
chronic postherpetic ulcers, and persistent 
postherpetic keratitis. | 

2. Penetrating keratoplasty is more de- 
sirable in patients with disciform keratitis 


and deep chronic postherpetic ulceration. — 


Lamellar keratoplasty seems to give better 
results in those eyes having diffuse super- 
ficial scars, diffuse keratitis with vasculariza- 
tion, and in the more shallow types of ul- 
ceration. It has the advantage that it can be 
repeated, or be followed by penetrating kera- 
toplasty at a later date. 


3. Pathologic investigations of corneas ex- 
cised for apparently inactive herpes showed 
considerable persistent keratitis. 

4. Corneal transplantation offers hope to 
patients with recurrent herpetic infections 
that their disease will be completely eradi- 
cated. 

5. A virus was not isolated from the tis- 
sues of two corneal grafts removed at kera- 


toplasty. 


University of California 
Medical Center (22). 


REFERENCES 


1. Franceschetti, A., and Maeder, G.: Indications for corneal transplants and selection of cases. Text- 
book on Corneal Grafts (B. W. Rycroft, ed.). St Louis, Mosby, 1955, pp. 76-85. 
2. Sanders, T. E., and Ley, A. B.: Communication to A.M.A. Sec. Ophth., June, 1956. 


Summary of the Symposium | 


It is hoped that this first joint meeting of 
ophthalmologists, virologists, and epidemi- 
ologists, called by two Study Sections of the 
National Institutes of Health to consider the 
problem of viral keratoconjunctivitis, may 
serve to stimulate the calling of other joint 
meetings at which workers in several disci- 
plines may discuss problems of common 
interest and plan further investigative effort. 

The following is an attempt to summarize 
briefly the principal areas of agreement and 
of difference among the workers in this field 
as brought to light in the course of the 
- symposium, and to pinpoint the unsolved 

problems upon which further work must be 
done. 


PHARYNGOCONJUNCTIVAL FEVER 


CLINICAL PICTURE 


_ The symposium focused attention on the 
clinical features of pharyngoconjunctival 
fever (PCF), particularly with respect to 
corneal changes. There was general agree- 
ment among the ophthalmologists that the 
conjunctival manifestation is an acute fol- 
licular conjunctivitis without pseudomem- 
branes, characterized by a scanty, predomi- 
nantly mononuclear cell exudate, an associ- 
ated mild preauricular adenopathy, and a 
short course. It was agreed that the disease is 
clinically indistinguishable from the conjunc- 
tivitis of Newcastle disease or the acute fol- 
licular conjunctivitis known as “acute fol- 
licular conjunctivitis, Béal.” 

There was some difference of opinion 
on the frequency and nature of the corneal 
changes of pharyngoconjunctival fever but 
agreement that the original descriptions of 
the disease by Bell, Rowe, Engler, Parrot, 
and Huebner, and by Ryan, O’Rourke, and 
Iser, which stated that no corneal changes 
occurred, must now be modified. The Uni- 
versity of California group maintained that 
the corneal changes were primarily epithelial, 
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with only a very occasional transient sub- 
epithelial infiltrate, and that they bore little 
resemblance to the prominent, often grossly 
visible subepithelial infiltrates of epidemic 
keratoconjunctivitis. The University of To- 
ronto group, on the other hand, reported that 
some of their cases of pharyngoconjunctival 
fever had lesions indistinguishable from 
those of epidemic keratoconjunctivitis. 
There was general agreement among both 
ophthalmologists and virologists that, al- 
though sporadic cases might offer a problem 
in differential diagnosis, under epidemic con- 
ditions pharyngoconjunctival fever could 
be readily distinguished from epidemic kera- 
toconjunctivitis. Huebner, for example, on 
the basis of extensive experience with 
pharyngoconjunctival fever, said that he had 
never seen a case of typical epidemic kera- 
toconjunctivitis and that none of the inocu- 


lations made by the National Institutes of 


Health group with adenovirus 3 had re- 
sulted in a condition resembling epidemic 
keratoconjunctivitis. Ryan stated that he had 
only once seen a case of pharyngoconjunc- 
tival fever with keratitis and that it was a 
transient manifestation. It was recalled that 
Cockburn, who is not an ophthalmologist, 
had no difficulty distinguishing cases now 
known to have been pharyngoconjunctival 
fever from the cases of epidemic kerato- 
conjunctivitis he saw in the Kansas City 
epidemic; and that during the 1950 and 
1951 epidemics of pharyngoconjunctival 
fever in children that occurred in the San 
Francisco Bay region, epidemic keratocon- 
junctivitis was not considered in the dif- 
ferential diagnosis because of the absence 
of typical corneal lesions. 

There seemed to be agreement that 
pharyngoconjunctival fever had existed in 
the United States prior to World War II 
but that epidemic keratoconjunctivitis was 
probably introduced in 1941 in connection 
with the war effort. | 
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There was general agreement as to the 
identity, both clinical and serologic, of 
pharyngoconjunctival fever and the conjunc- 
tivitis described by Cockburn under the 


name “Greeley conjunctivitis.” In connec- 


tion with the suggestion that the so-called 
“acute follicular conjunctivitis, Béal” might 
also be identical with pharyngoconjunctival 
fever, it was recalled that in about one-third 
of Béal’s original cases. there was associated 
upper respiratory disease. Béal made no 
reference to swimming-pool transmission 
but later observers have done so. The find- 
ing of corneal changes in Béal’s conjunc- 
tivitis has not been reported, however, and 
further work must be done before certain 
identification of the two diseases can be 
made. It may be that corneal changes have 
not been reported because of incomplete 
slitlamp studies. 


EPIDEMIOLOGY 


All observers have noted apparent trans- 
mission of pharyngoconjunctival fever 
through swimming pools and the highest in- 
cidence of the disease in the summer months. 
In discussion, however, Huebner questioned 
the role of the swimming pool as a trans- 
mitter of the virus, suggesting rather that 
Swimming tended to traumatize the con- 
junctiva and thus to favor infection which 
might otherwise be resisted. This factor, of 
importance in epidemiology, certainly needs 
further study, particularly as to the survival 
of adenovirus in chlorinated and unchlori- 
nated water. It is noteworthy that no one 
has reported the occurrence of office epi- 
demics of pharyngoconjunctival fever. This 
is in marked contrast to the high incidence 
of epidemics of epidemic keratoconjuncti- 
vitis in offices, hospitals, and dispensaries. 
This difference and the apparent predilection 
of pharyngoconjunctival fever for children 
could be explained by the high incidence of 
antibody to type 3 adenovirus in the general 
population and the low incidence of antibody 


to type 8. 


ETIOLOGY 


While it is clearly established that adeno- 
virus type 3 is the usual cause of epidemic 
pharyngoconjunctival fever in_ children, 
other types have been encountered in spo- 
radic cases and family outbreaks. These in- 
clude types 2, 3, 6, and 7. There was general 
agreement on the frequent association of 
certain types of adenovirus with certain dis- 
ease pictures, as well as on the ability of 
many types to produce similar pictures. 


EPIDEMIC KERATOCONJUNCTIVITIS 


CLINICAL PICTURE 


There was general agreement among the 
symposium participants that the main fea- 
tures of epidemic keratoconjunctivitis con- 
sisted of (1) an acute follicular or pseudo- 
membranous conjunctivitis, depending on 


' the severity of the disease, with ade- 


nopathy ; and (2) a keratitis in the form of 
typical round subepithelial infiltrates, with 
onset a week or 10 days after the onset of the 
conjunctivitis, and of long duration. It was 
agreed that the conjunctival changes are 
usually much more severe and long lasting 
than those of pharyngoconjunctival fever; 
in the latter, for example, pseudomembranes 
never have been observed. In a paper con- 
tributed to the symposium by Pillat, epidemic 
keratoconjunctivitis is clearly differentiated 
from nummular keratitis, a disease common 
in Europe but seen rarely, if ever, in the 
United States. 

It was maintained by the University of 
California group that the corneal changes of 
epidemic keratoconjunctivitis are readily dis- 
tinguishable from those of pharyngocon- 
junctival fever on the following grounds: 
(1) That the infiltrates of epidemic kerato- 
conjunctivitis are usually grossly visible 
while those of pharyngoconjunctival fever 
are usually visible only with the slitlamp ; (2) 
that the lesions of epidemic keratocon- 
junctivitis are primarily subepithelial while 
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those of pharyngoconjunctival fever are pri- 
marily epithelial; and (3) that when corneal 
changes occur in pharyngoconjunctival fever 
they appear at the same time as the conjunc- 
tival changes, while in epidemic keratocon- 
junctivitis they are delayed from seven to 10 
days. Another difference mentioned was that 
permanent visual damage is known to have 
been caused occasionally by epidemic kerato- 
conjunctivitis but never by pharyngoconjunc- 
tival fever. | 

It was agreed that an apparent predilec- 
tion for children has been shown by pharyn- 
-goconjunctival fever but not by epidemic 
keratoconjunctivitis. It was further agreed 
that except in children epidemic keratocon- 
junctivitis is usually not associated with sys- 
temic signs of any kind. This is in marked 
contrast to pharyngoconjunctival fever which 
is regularly associated with systemic signs. 
According to Dr. Tanaka’s report, however, 
epidemic keratoconjunctivitis in children has 
displayed severe systemic signs consisting of 
high fever, pharyngitis, otitis media, diar- 
rhea, and vomiting. She refers to Mitsui’s 
experiments in which transmission of ma- 
terial from this infantile form of the disease 
produced typical epidemic keratoconjuncti- 
vitis without such systemic signs in adults. If 
this transmission experiment had not been 
made, one would be tempted to believe that 
the children had had primary herpetic kerato- 
conjunctivitis which is known to be ac- 
companied by severe systemic signs and in 
which the conjunctival signs are similar to 
those of epidemic keratoconjunctivitis. Some 
of these children have been shown to have 
rises in adenovirus type 8 antibody. 

Noteworthy in Dr. Tanaka’s report is her 
statement that, until recently, epidemic 
keratoconjunctivitis and pharyngoconjuncti- 


val fever have been confused in Japan. This 


is reflected particularly in the reports of 
swimming-pool transmission. Further study 
is definitely indicated to determine how fre- 
quently epidemic keratoconjunctivitis —_ 
through swimming pools. 
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EPIDEMIOLOGY 

All participants in the symposium agreed 
that epidemic keratoconjunctivitis is highly 
communicable and pharyngoconjunctival 
fever somewhat less so. It was brought out 
that in the United States, swimming-pool 


transmission has been typical of pharyngo- 


conjunctival fever but not of epidemic kerato- 
conjunctivitis, that transmission in hospitals, 
dispensaries, and private offices has been 
characteristic of epidemic keratoconjuncti- 
vitis but unknown with pharyngoconjunctival 
fever, and that epidemic keratoconjunctivitis 
has had a marked tendency to spread among 
professional personnel and pharyngoconjunc- 
tival fever has not. In the San Francisco Bay 
area, for example, two sporadic cases of 
pharyngoconjunctival fever in general physi- 
cians were studied, but in the course of two 
major epidemics of the disease, primarily 
among children, in this same area, no instance 
of its transmission to ophthalmologists or pe- 
diatricians was noted in spite of the many 
hundreds of cases that developed. Epidemic 
keratoconjunctivitis, on the other hand, 
spreads with ease through hospitals, and so 
forth, and has affected numerous ophthal- 
mologists. That it can be a serious public 
health problem was re-emphasized by Dr. 
Leopold’s report of a recent hospital epi- 
demic among postoperative patients. 

The role of trauma, particularly industrial 
trauma, and the connection between foreign- 
body removal and epidemic keratoconjuncti- 
vitis, were discussed at length. It was inter- 
esting that in the Schenectady epidemic Dr. 
Korns found no significant difference in the 
opacities or clinical severity of cases ap- 
parently contracted in the eye clinic after 
foreign-body removal, and of cases infected 
subsequently as a result of household con- 
tacts. In an unpublished study of 32 ophthal- 
mologists who contracted the disease while 
treating patients, it was found that all had 
corneal opacities and that the only conceiv- 
able trauma had been the simple rubbing of 
the eyes with the fingers. In a number of 
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these cases the disease was very severe. The 
role of trauma in transmission and its effect 
on the severity of the disease and the inci- 
dence of opacities are certainly still in doubt. 

In none of the studies of epidemic kerato- 
conjunctivitis and pharyngoconjunctival 
fever have any instances of a second infec- 
tion with either disease in the same individual 
been noted. Apparently both diseases confer 
a definite and lasting immunity. 


ETIOLOGY 


Whether any type of adenovirus except 
type 8 has been found associated with typical 
epidemic keratoconjunctivitis is open to some 
doubt. The evidence listed below supports the 


contention that adenovirus type 8 is at least 


one agent capable of causing the picture typi- 
cal of epidemic keratoconjunctivitis. Some 
confusion has arisen because certain ob- 
servers have recorded keratitis of minor de- 
gree and short duration in the course of 
adenovirus type 3 and type 7 infections. Con- 
sidering the spectrum of any disease caused 
by a specific etiologic agent, it appears natural 
that in addition to typical full-blown cases 
there will be many marginal ones lacking 
certain diagnostic features. The typical cases 
are the only ones that can be diagnosed in- 
itially until the etiologic agent has been es- 
tablished. When this has been accomplished, 
atypical cases can be diagnosed by laboratory 
means. At the present time the evidence sug- 
gests that types of adenovirus other than 
type 8 have not given rise to the typical diag- 
nostic subepithelial opacities, and that over- 
lapping therefore exists mainly between 
atypical epidemic keratoconjunctivitis (as- 
sociated with adenovirus type 8) and tran- 
sient keratitis seen with infections due to 
other types. 

The evidence pointing to adenovirus type 
8 as at least one of the etiologic agents of 
typical epidemic keratoconjunctivitis can be 
summarized as follows: 

1. Three strains of adenovirus type 8 
have been isolated to-date, all from eye le- 


sions. This type of adenovirus has not been 
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recovered from other sources. Adenovirus 
type 8 differs biologically from other adeno- 
virus types, particularly in its exceedingly 
low infective titer for tissue culture cells 
compared to the relatively large amount of 
noninfective virus (antigenic material) 
present. 

2. Of 70 patients with the definite clini- 
cal diagnosis of epidemic keratoconjunctivitis 
in the United States, Canada, Switzerland, 
Italy, and Japan during 1951-55, 66 or 94.3 
percent had neutralizing antibodies to adeno- 
virus type 8 in a serum dilution of 1:10 or 
greater. Of 140 individuals from the same 
geographic areas and similar age groups who 
did not have clinical epidemic keratoconjunc- . 
tivitis, only 10 or 7.1 percent had such anti- 
bodies. In an epidemic in Austria in 1952-53 
from which sera were collected three years 
later, the incidence of 1:10 antibodies to 
adenovirus type 8 was 52.4 percent in epi- 
demic keratoconjunctivitis and 13.3 percent 
in controls. 

3. Of 17 adequate paired sera available 


from patients with typical epidemic kerato- 


conjunctivitis in Chicago, California, and 
Japan, 15 developed a fourfold or greater rise 
in neutralizing antibodies to adenovirus type 
8 during their illness. Unfortunately, there 
was much variation in the highest titers 
reached by these individuals and in the length 
of time such antibody titers persisted. In all 
individuals followed thrqugh the course of 
adenovirus type 8 infection of the eye, the 
antibody titer did not exteed 1:20 two years 
after onset of the infection. Thus retrospec- 
tive serologic investigations are virtually im- 
possible, unless sera from typical cases have 
been obtained within one year of onset and 
properly stored thereafter. 
4, Patients with epidemic keratoconjuncti- 
vitis who exhibited a marked antibody titer 
rise against adenovirus type 8 did not have 
such titer rises for other types of adenovirus, 
for herpes simplex virus, or for the “E.K.” 
strain of St. Louis encephalitis virus. 

5. Adenovirus type 8 was inoculated into 
one eye of each of five volunteers, Four de- 
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veloped typical epidemic keratoconjunctivitis ; 
the fifth had specific antibodies to adenovirus 
type 8 at the time of inoculation and remained 
well. The uninoculated eye became involved 
in three volunteers six to eight days after the 


inoculated eye. Adenovirus type 8 was re- 


isolated from the lesions and the volunteers 
developed significant antibody titer rises. 
Work is currently in progress to establish 
whether vaccination of volunteers with adeno- 


- virus type 8 will prevent the development of 


epidemic keratoconjunctivitis upon subse- 


_ quent inoculation of the eye with the agent. 


The position of the so-called “Sanders 
virus” of epidemic keratoconjunctivitis was 
discussed at length. This agent was originally 
implicated in the epidemic keratoconjuncti- 
vitis epidemics of 1940-42. At that time it 
was isolated repeatedly by Dr. Murray Sand- 
ers from typical cases and gave serologic re- 
actions with these patients’ sera. The subse- 
quent fate of this virus is not known, but in 
1947 the agent carrying the label of “EKC 
virus’—perhaps derived from the original 
isolation—was a variant of St. Louis en- 
cephalitis virus and had no serologic relation- 
ship to the epidemic keratoconjunctivitis 
cases which occurred between 1947 and 1955. 
While there was much speculation concerning 
this confusing situation, no final solution to 
the riddle was forthcoming. It was felt that 
an exact repetition of the efforts of Dr. 
Sanders in 1940 was not indicated because of 
the high probability that in repeated animal 
passage a latent virus would be “picked up” 
accidentally. This has already occurred in the 


‘hands of some workers. Thus it was con- 
cluded that (a) the nature‘and fate of the 


original “Sanders virus” remains uncertain, 
and (b) the strains of that virus currently 
available bear no evident relationship to the 
disease epidemic keratoconjunctivitis as it 
exists at the present time. : 

The following points should be pursued 
in order to establish the etiology of epidemic 
keratoconjunctivitis on firm ground: 

1. In epidemics occurring in various parts 
of the world, entirely typical cases should be 


studied by virus isolation and antibody titer 
determinations. 

2. Additional volunteers should be inocu- 
lated with the recovered agents, their clinical 
and serologic responses should be noted, and 
the viral agent re-isolated. 

3. In serologic surveys, the incidence of 
specific antibodies to isolated agents should 
be compared in typical and atypical cases 


_ diagnosed as epidemic keratoconjunctivitis, in 


other eye diseases, and in comparable control 
populations. 

4. The agents isolated in various parts of 
the world should be exchanged by different 
laboratories in efforts to obtain confirmation 


of results. 


HERPETIC KERATITIS AND 
KERATOCONJUNCTIVITIS 


There was general agreement that the 
problems of herpetic keratitis and conjunc- 


tivitis have become more important since 


the war and since the introduction of corti- 
sone and related steroids for topical use in 
ocular infections. 

There seemed to be general agreement that 
primary herpetic infection of the eye may . 
occur in children as a severe keratoconjunc- 
tivitis but that, in the secondary forms, the 
conjunctiva is usually spared and the cornea 
alone involved. It was also agreed that her- 
petic keratitis appears typically as a dendritic 
keratitis but that a variety of other super- 
ficial and deep forms can occur, and that of 
these the most important is the so-called “hy- 
popyon keratitis’”” whose exact nature needs 
elucidation. The consensus was that the ma- 
jority of cases of hypopyon develop as a re- 
sult of secondary bacterial or mycotic in- 
fection, but the University of California 
group felt that, at least in certain cases, the 
action of herpes simplex virus alone is re- 
sponsible. Further investigation of the non- 
dendritic forms of herpetic keratitis is much 
needed. 

There was discussion of the possibility that 
some cases of dendritic keratitis in adults 
may represent primary infection. In view of 
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the paucity of available evidence, however, 
no conclusion could be reached. The problem 
needs further serologic work. 


The role of steroid therapy in the develop- 


ment of chronicity and other complications in 
herpetic keratitis was then discussed. There 
seemed to be general agreement that the 
widespread topical use of the steroid hor- 
mones has contributed to the relatively high 
frequency of complications noted in the post- 
war years. Further experimental work is 
needed to determine whether this effect is due 
to increased proliferation of virus in the tis- 
sues or to an unfavorable effect on the tissues 
themselves,~ 

Among the many questions that were 
raised and left unanswered concerning im- 
munity in herpetic keratitis and conjuncti- 
vitis, two of the more important were: 

1. Does the presence of antibodies pro- 
tect the conjunctiva from involvement in 
corneal relapses? 

2. When a conjunctivitis occurs in a re- 
lapse, as occasionally happens, does this al- 
_ ways indicate the presence of secondary in- 
fection with bacteria or other agents? 

It was agreed that herpes-simplex virus 
could be isolated with great ease from typi- 
cal epithelial corneal lesions early in the dis- 
ease, but only with great difficulty and infre- 
quently from stromal lesions, and that it is 
isolated very infrequently. in the absence of 
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clinical herpetic disease. Its possible presence 
in the “latent stage”’ in the eye could thus lead 
to confusing laboratory results. The mean- 
ing of “latency” in herpes simplex and the 
problems concerned with the unmasking of 
latent viruses were discussed in detail. 

Many questions dealing with primary in- 
fection versus recurrence were also ex- 
amined. Does a recurrence always indicate 
that the same tissue area was involved in the 
primary infection? May a dendritic keratitis 
occurring for the (apparently) first time 
late in life be a primary infection, or is it 
always a recurrence of an infection 20 or 30 
years before? In “latency” is the virus in 
an incomplete (“provirus”) form requiring 
activation by the trigger mechanism to be- 
come infective, or is there infective virus 
present within certain cell groups which 
spreads when the close symbiotic relationship 
is disturbed by the trigger? Is the infection 
with herpes virus so strictly limited to the 
corneal epithelium that its total removal by 
curettage, or in the course of corneal graft- 
ing, may lead to permanent security from re- 
lapse? 

The lack of unanimity of opinion on these 
questions suggested an urgent need for fur- 
ther investigative work. 


Phillips Thygeson. 
Ernest Jawetz. 
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